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Abstract 
Before regulations were introduced to protect the general public from waterborne 
illnesses, it was common for people to become sick and even die from contaminated 
drinking water. Many rivers and streams in the United States were so polluted that they 
were uninhabitable for wildlife and dangerous to human health. The pollution and 
contamination in the surface and groundwater caused a public out-cry for the government 
to step in and do something about the hazardous water conditions. As the U.S. 
government started regulating surface water, it realized that the main source of drinking 
water for half of the U.S. and 95% of rural communities came from groundwater; this 
realization contributed to the creation of the wellhead protection program (WHP) (EPA, 
1990). The WHP program requires every state to develop a program to help protect 
Public Water Systems (PWS). In Nebraska, 85% of people rely on groundwater for 
drinking water, making it crucial for the state to protect it from contaminants, particularly 
nitrate, Nebraska’s number one contaminant. 
This document focuses on contaminant source management options for Wellhead 
Protection and what communities can do to help protect themselves from rising nitrate 
contamination issues. Examples are provided for where communities can find financial 
assistance and learn about best management practices to help lower nitrate levels. This 
document also identifies some of the barriers and motivators that a community, public 
water systems operators, and Natural Resources Districts (NRDs) run into when 
implementing a WHP plan.   
A survey was also conducted during this research to help compare where 
Nebraska stands with its WHP program and contamination issues. The survey was 
distributed to all 50 states, and had 30 respondents that discussed their respective 
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contamination issues, how they encourage public involvement, if they have had any 
success stories of reducing their contamination problems, and if they have any cost 
benefit analysis data to illustrate that preventing contamination is much less expensive 
than cleaning it up.  
Finally, there will be a discussion about some of the barriers and motivators that 
can contribute to how people make decisions and why, in some instances, people are 
more willing to prepare for natural and manmade disasters while other times they do not 
properly consider and prepare for the severity of the situation. In Nebraska, for the state 
to be proactive and to reduce hazardous situations, it is up to the communities, NRDs, 
consultants, NDEQ, and the EPA to work together and to help one another. When 
working with WHP plans, the end goal for everybody should be that the communities can 
take care of themselves with little or no help. 
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Introduction 
 The purpose of this document is to help educate and encourage the people of 
Nebraska to implement a wellhead protection plan around their communities, and work to 
prevent groundwater contamination. A secondary goal is to increase people’s knowledge 
and options about best management practices to reduce the use of chemicals and water.  
This document discusses how people’s perception of water contamination has 
changed over the years from the early settlers to the present. It also describes the 
connection between human impacts on surface and groundwater; how these impacts 
affected public health and left many rivers to be uninhabitable for wildlife. Overtime 
public awareness of environmental contamination grew resulting in public demand for 
government intervention and the creation of laws that protect people and the 
environment. As such, this document discusses the beginning of the Clean Water Act, 
Safe Drinking Water Act, Superfund program, Wellhead Protection program, and the 
Source Water Protection program.  
The difference between proactive development of a wellhead protection plan and 
reactively cleaning up drinking water contamination is evaluated. How proactive 
community planning and management of potential contaminants reduce financial burdens 
on communities is also examined. In Nebraska, the major contamination problem is 
nitrate. This document discusses why implementing a wellhead protection plan is so 
important in reducing health concerns that are caused by nitrate. There are a variety of 
federal, state, local, and voluntary programs that communities can turn to for help in 
reducing and/or eliminating nitrate from public water systems. Programs that help a 
community with financial costs, support, and planning are discussed.   
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 To learn from other states, a 50 state survey was conducted. The 30 responses 
help demonstrate what other states are doing to help protect their public water systems. 
Barriers and motivators can either cause communities to delay or be more progressive 
when it comes to implementing a wellhead protection plan and best management options. 
Finally, this document provides suggestions of what can be done to get people to take 
hazardous conditions more seriously and how to encourage the public to be more 
proactive. 
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The Genesis of Water Quality 
Prior to the 20
th
 century, there was little knowledge about where and how diseases 
were spread. Before regulations were introduced to protect the general public from 
waterborne illnesses, it was common for people to get sick and even die from 
contaminated drinking water. In 1854, one of the worst cases of cholera broke out in the 
St. James, Westminster area in London (Koch & Denike, 2009). In as little as ten days, 
five hundred fatal cases were reported all within a short distance of one water pump. John 
Snow a London physician had a theory that cholera was a waterborne illness. To test his 
theory Snow mapped out all 596 deaths that were reported and the location of each water 
pump in the area (Koch & Denike, 2009). He concluded that the majority of the deaths 
were surrounding one water pump, therefore, proving that his theory about cholera was 
true. This event not only proved cholera was a waterborne illness; it also greatly 
influenced epidemiology and was the first time mapping was used to investigate an 
outbreak of unknown origins (Koch & Denike, 2009).  
In the 19
th
 century, the majority of the United States population lived east of the 
Mississippi river in unsanitary conditions due to a lack of proper sanitation technology. In 
1878, yellow fever broke out in New Orleans, killing 4,000 people before the outbreak 
spread up the Mississippi Valley and along the Gulf Coast (Andreen, 2003). Half of 
Memphis’s 48,000 residents became ill, and over 5,000 people died (Andreen, 2003). 
Newspaper editors called for federal action to take control of this wide spread epidemic. 
Congress answered the plea for help by creating the first National Board of Health in 
1879 (Andreen, 2003). The National Board of Health discovered the epidemics were a 
result of streets over flowing with human waste, which had become a breeding ground for 
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mosquitoes. To conquer the problem, the National Board of Health started sanitary sewer 
programs to help dispose of the waste. 
As time passed and no reoccurrence of the epidemics occurred, public awareness 
and interest in public health hazards dwindled, and in 1883 the National Board of Health 
was closed (Andreen, 2003). However, during this time multiple cities and common 
stopping points were being established as people began migrating west. These places 
became epicenters for disease outbreaks. Even in Nebraska, disease outbreaks commonly 
occurred. In the 1800s, it was estimated that at least 20,000 people died along the Platte 
River from cholera (Brown, 2002; Nebraska Studies, n.d.). “Cholera is an acute, diarrheal 
illness caused by infection of the intestine with the bacterium Vibrio cholerae” (CDC, 
n.d., para 1). This infection occurs when feces contaminates water or food sources (CDC, 
n.d). Omaha experienced a cholera epidemic in 1868 and a typhoid outbreak in 1880s 
(Boro, 1991). In 1911 and 1912, Lincoln was affected by a typhoid epidemic (Waite, 
1913). “Typhoid fever is a life-threatening illness caused by the bacterium Salmonella 
Typhi” (CDC, 2013, para 1). Typhoid fever can be contracted when a person ingests food 
or drinks “that have been handled by a person who is shedding Salmonella Typhi or if 
sewage contaminated with Salmonella Typhi bacteria gets into the water you use for 
drinking or washing food” (CDC, 2013, para 4). These disease outbreaks started to make 
the public more aware of the importance of sewer systems and proper waste disposal.  
While advances in sanitation practices had been made, the general public still had 
not made the connection between health hazards and improper disposal of pollutants into 
the water and the environment. There were no government organizations regulating the 
amount of pollutants allowed in U.S. waters, streams and rivers, thus causing them to 
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become toxic and hazardous to humans and wildlife. In 1969, Ohio’s Cuyahoga River 
was so polluted with oil and debris that it caught fire and burned for 30 minutes before 
firefighters were able to put it out (Adler, 2003). The heat of the flames warped railroad 
ties on one of the crossings, causing about $50,000 in damage (Adler, 2003). This is just 
one of many examples of environmental contamination that captured the public’s 
attention and led to the creation of the Environmental Protection Agency (EPA) by the 
U.S. Congress in 1970. 
In 1972, Congress passed the Clean Water Act to reduce water pollution and to 
clean up America’s surface waters, making them safe for people and wildlife (Stradling 
& Stradling 2008). The Safe Drinking Water Act (SDWA), passed in 1974, began 
regulating the nation’s public drinking water supply. While these two acts were important 
steps in reducing water pollution, they did not specifically protect groundwater sources.  
As a result of the events at Love Canal, the Superfund program was created in 
1980, by the EPA under the Comprehensive Environmental Response, Compensation and 
Liability Act (CERCLA). The EPA defines Superfund as “the environmental program 
established to address abandoned hazardous waste sites” (EPA, 2015, para 1). In the 
1920s, Love Canal, a neighborhood in Niagara Falls, New York, was an industrial 
chemical dumpsite and in 1953, the Hooker Chemical Company covered the site with dirt 
and sold the land to the city for one dollar. In the late 1950s, 100 homes and a school 
were built over the dumpsite. Chemicals seeped up through the soil and into people’s 
basements and yards; their trees, gardens, and lawns were dying. The resident’s children 
received chemical burns from the soil when they played outside. Miscarriages, birth 
defects and white blood cell counts increased due to the chemicals. The contamination 
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was so severe that every resident was eventually relocated (Beck, 1979). It was this event 
that caused the American people to become even more concerned of what was being 
dumped into their soils and water. Nebraska has thirteen Superfund sites caused by 
commercial, industrial, and agricultural sites leaching various contaminants into the 
groundwater and surface water. These Superfund sites are harmful to people and the 
environment because many contain Volatile Organic Compounds (VOCs) and other 
harmful contaminants. Long-term exposure to VOCs can damage the liver, kidneys, and 
the central nervous system. Short-term exposure to VOCs can cause eye and respiratory 
tract irritation, headaches, dizziness, visual disorders, fatigue, loss of coordination, 
allergic skin reactions, nausea, and memory impairment (EPA, 2012).  
Between 1971 and 1985, approximately 245 groundwater related disease 
outbreaks were reported, with 52,181 associated illnesses (EPA, 1990). These outbreaks, 
most of which were short-term digestive orders, prompted Congress to amend the SDWA 
in 1986 and created the Wellhead Protection Program (WHP). The intent of the WHP 
program is to protect areas surrounding community Public Water Systems (PWS), and 
reduce the risk of harmful contaminants entering public water supplies. Figure 1, is an 
example of the area that is protected by WHP boundaries. Nebraska’s WHP Program was 
approved by the EPA in 1991 (NDEQ, 1999).  
In 1996, the SDWA was amended (section 1453 and 1428(b)) to establish the 
Source Water Assessment Program (SWAP) and tasked states to develop Source Water 
Protection (SWP) programs (EPA, 1997). The idea of the SWP program is to protect all 
public drinking water sources, such as streams, lakes, rivers, and aquifers.  
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Figure 1: Example of the boundary that a WHP area would surround. Source: EPA, 2014. 
As the general public’s awareness and concern grew for the safety of their 
drinking water, so did the knowledge of all possible contaminants that are harmful to 
people. Nebraska began focusing on nitrate, as it is the most prominent contaminant 
found in soil and water in the state. “Nitrate and nitrite are nitrogen-oxygen chemical 
units which combine with various organic and inorganic compounds” (EPA, 2014, para 
2). Nitrate is regulated under the SDWA with a Maximum Contaminant Level (MCL) set 
at 10 parts per million (ppm) (Nitrate, 2013). High nitrate levels are known to be harmful 
to humans and can cause blue baby syndrome, or Methemoglobinemia. Long-term 
exposure to nitrate has been shown to cause certain types of cancers (Townsend, et al, 
2003; Weyer, et al, 2001; Ward, et al., 2010). Nitrate at extremely high levels are also 
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known to impact young livestock the same way it affects human babies (Self & Waskom, 
2013).  
The removal of nitrate is a complicated process, as it cannot be removed by 
boiling water, or through the use of charcoal filters, water softeners, and chlorine. 
Currently, the only way households or a Public Water System (PWS) can remove nitrate 
from drinking water is by treating the water through reverse osmosis, distillation, or ion 
exchange. Nitrate treatment is incredibly expensive and as nitrate levels rise, so does the 
cost of treatment. Therefore, preventing groundwater contamination is of vital importance 
to ensure a future supply of safe drinking water in the state (NDEQ, 2010). Nitrate can 
leach into groundwater through point and non-point sources. A point source is any 
discernible, confined and discrete conveyance, including but not limited to any pipe and 
ditch from which pollutants are or may be discharged (EPA, 2012). Non-point source 
pollution is considered any land runoff, precipitation, atmospheric deposition, and 
drainage (EPA, 2012). The most common examples of nitrate nonpoint sources are the 
general application of organic or inorganic fertilizers to the landscape. The most common 
examples of nitrate point sources are known “points” of contamination. Examples of 
nitrate source contamination can be seen in Figure 2. 
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Figure 2: Examples of nitrate sources. Source: www.co.portage.wi.us 
 
 
Approximately 85% of Nebraskans receive their drinking water from 
groundwater; this fact makes protecting groundwater a priority for the state (NDEQ, 
2010). The map in Figure 3 shows a total of 39 community water systems in Nebraska 
that have or need to replace their infrastructure because of nitrate problems. Five of these 
occurred more than 10 years ago and another five have yet to be changed. However, 29 of 
these have occurred in the last decade (McNulty, 2015).  
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Figure 3: Nebraska community water systems with primary contaminant enforcement actions, resulting in 
mandatory new infrastructure. Source: DHHS, 2014 
 
 
Benefits and Costs of Prevention 
 A cost benefit analysis that compares costs of remediating contaminated 
groundwater and costs of contamination prevention would be a valuable resource to help 
communities understand the importance of implementing WHP plans. Unfortunately, as 
of 2015, the data to complete such an analysis is not available in Nebraska, along with 
many other states. The data that is available contains the total cost for federal/state 
funded projects, which includes additional water infrastructure updates (i.e. water meter 
installation, replacing water mains, and replacing or repairing water towers) and does not 
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accurately reflect the true cost of remediating contaminated groundwater. Additionally, it 
is not feasible to estimate the cost of developing a WHP plan in Nebraska due to the 
voluntary nature of Nebraska’s WHP program. Due to this voluntary nature, each plan 
varies in scope and the cost depends on the extent of work and detail the PWS chooses to 
put into the plan. Moreover, there are several ways a community can develop a WHP 
plan, such as working with the state’s Natural Resources Districts (NRDs), the Nebraska 
Rural Water Association, or paid private consultants. Despite the complexities of 
collecting the needed data, a cost benefit analysis that reflects the true costs of 
remediation of groundwater contamination is something that would be a valuable asset to 
many states including Nebraska and would be a crucial key component for the 
communities, NRDs, and the Nebraska Department of Environmental Quality (NDEQ).  
Since the data for Nebraska is not available, this project will use the findings of a 
1995 EPA study titled Benefits and Costs of Prevention: Case Studies of Community 
Wellhead Protection to better understand the benefits of preventing drinking water 
contamination or cleaning up already contaminated groundwater. The seven communities 
in this study range in size and location, but are all similar to the size of Nebraska 
communities that will be examined in the “City/Village/District Ordinances and 
Regulations” section. 
Six of the seven communities had actually experienced contamination problems in 
their groundwater. These communities are Gilbert, LA, population 700; Norway, ME, 
population 4,000; Tumwater, WA, population 13,000; Gettysburg, PA, population 
12,000; Dartmouth, MA, population 24,000; and Middletown, OH, population 60,000. 
The seventh community was Eastern Lancaster County, PA, which is a rural area that 
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includes four adjacent towns with a combined population of 20,000. The following 
information contains real-life scenarios resulting from point source contamination 
problems. Many of these scenarios are a result of old gas stations, dry cleaners, and 
industrial sites contaminating the nearby aquifers. A summary of the contamination 
response and remediation costs compared to the implementation costs for WHP programs 
is provided in table 1 (EPA, 1995). WHP basic costs vary extremely from one another as 
shown in table 1. This is because the amount of time and planning it takes to develop and 
implement a WHP plan varies depending on a variety of factors such as the number of 
wells that need to be protected; the area of capture zones that have to be delineated 
around each of the PWS; salaries of state and federal employees, which is not a cost to 
the community; the labor required to conduct surveys of potential contamination sources, 
number of on-site inspections of wells, development of regulations for groundwater 
protection and Best Management Practices (BMPs); and emergency management 
planning, such as backup groundwater sources and spill kits. 
The total cost of contamination sites shown in table 1, also varies because of the 
amount of work and time it takes to clean up groundwater contamination. The costs for 
groundwater remediation include both the capital costs and increased operation and 
maintenance (O&M) costs. Examples of O&M costs include; electricity, maintenance, 
materials, administration, insurance, taxes, licenses, equipment replacement, and sample 
analysis (EPA, 1995). Cleanup and treatment of groundwater can include a variety of 
procedures such as installing additional monitoring equipment, drilling a new well, 
purchasing water either on short or long term basis, filtration and treatment plant, and air 
strippers; all of which include additional electrical, maintenance, and supply costs.  
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Table 1: Contamination Response and Remediation Costs Compared to Prevention Program 
Implementation Costs (1994) Source: EPA 1995.  
Community WHP Basic Costs Total Cost of Contamination 
 
Gilbert, LA $5,487 $1,094,645 
Norway, ME $101,014 $545,904 
Tumwater, WA $286,954 $1,712,440 
Gettysburg/Lancaster CO. 
PA. 
$248,370 $4,015,351 
Dartmouth, MA $693,364 $2,353,291 
Middletown, OH $295,892 $970,342-$1,475,470 
 
 
Table 2, provided by the EPA (1995), shows the funding sources and amount for 
the remediation costs. This gives communities an idea as to how much other communities 
throughout the United States have paid when their drinking water was contaminated. 
While Gilbert and Norway were able to find assistance for a majority of their costs, most 
of the communities had to pay for a significant portion of the remediation costs. In its 
findings, the 1995 EPA study stated that, on average, the cost of dealing with 
groundwater contamination may be 30 to 40 times more costly than taking preventative 
measures (EPA, 1995). It is an inaccurate assumption that towns with smaller populations 
will have smaller contamination problems. Realistically, a small town can have just as 
high of contamination costs as a larger city. For example, the comparison of Gilbert 
(population 700) contamination total is $1,094,645 and Middletown (population 60,000) 
total ranges $924,481-$1,429,609 (see table 1). There are many reasons why some 
communities could have higher contamination costs than others. For instance the costs 
associated with providing alternative sources of water if a PWS is unable to serve the 
public because contamination is over allowable limits. Gilbert, Dartmouth, and Norway 
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all accumulated between $50,000 and $200,000, additional costs, annually, due to their 
need to purchase replacement water (EPA, 1995).  
Table 2: Cost of Contamination by Funding Source ($1994) Source: EPA 1995 p.16 
Sources Local State Federal Private 
 
Gilbert, LA 
 
$95,122 
 
$51,531 
 
$947,992 
 
$0 
 
Norway, ME 
 
$16,939 
 
$528,965 
 
$0 
 
$0 
 
Tumwater, WA 
 
$1,306,040 
 
$5,000 
 
$401,400 
 
$0 
Gettysburg/Lancaster 
CO.PA 
 
$407,730 
 
$3,607,621 
 
$0 
 
$0 
 
Dartmouth, MA 
 
$2,337,821 
 
$15,470 
 
$0 
 
$0 
 
Middleton, OH 
$924,481-
$1,429,609 
 
$0 
 
$0 
$970,342-
$1,475,470 
 
   
    
All of the examples of point source contamination in the 1995 EPA study are 
representative to what has occurred in Nebraska communities. However, as previously 
mentioned, nitrate is Nebraska’s number one nonpoint source contaminant problem. The 
cases from the EPA study do not address nonpoint source contamination. There are many 
communities in Nebraska that already have or are coming to the realization that they are 
going to need to do something about their rising nitrate levels. One Nebraska community 
is planning on building a new ion exchange treatment system. This system would treat 
about 50% of the water and blend the other 50% to provide water that will have nitrate 
levels below 10 ppm. However the higher the nitrate levels get the more costly and harder 
it is to treat it (Olsson Associates, 2011). This system will cost the community around 
$1,281,000, and is predicted to last about 20 years (Olsson Associates, 2011). The 
treatment plant is a temporary fix, as it will not lower nitrate levels in the groundwater as 
the contaminated water is treated prior to being served to the public. Just like any 
machine, the plant will have ongoing maintenance and after its useful life, the system will 
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either need to be renovated or replaced. Whereas, implementing a WHP plan in Nebraska 
may range anywhere from $15,00-$50,000, depending on the groundwater modeling 
needs, level of public involvement, size of wellhead protection area, and the contaminant 
source inventory (Rupe, 2015). The WHP plan can be a long term solution as long as it is 
used to its full potential. Even with treatment of contaminated groundwater, it is 
imperative for PWSs and communities to understand, invests and implements BMPs to 
address increasing nitrate contamination, regardless of the current level.  
Management Options 
Having a community understand and implement its management options reduces 
the community’s risk of groundwater contamination, as well as any contamination that 
may be taking place. To assist in the development of a WHP plan, the NDEQ created a 
five-step outline for a community to follow (see Appendix A). Step three “contaminant 
source management” is the main focus of this section. A community can manage its 
public water supply by enacting certain “controls,” such as sanitary and water ordinances, 
public nuisance laws, and zoning restrictions; purchase of land or conservation 
easements; working with local NRDs; or voluntary actions (NDEQ, 2010). When 
creating new “controls”, it is best to identify existing “controls” to prevent redundancies 
and build up the communities’ protection measures. Examples of what these “controls” 
regulate include: restrictions on septic tanks; fuel storage tanks; salvage yards; chemical 
facilities; animal feeding operations; requiring a permit prior to construction of a well 
that pumps over 50 gallons of water per minute; decommissioning old and abandoned 
wells; testing and reporting water and soil sampling; water management programs; and 
education programs. These regulatory “controls” can decrease the chance of 
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contamination. For example, decommissioning a well can protect the groundwater 
because an old well can be a direct route for contaminates to flow in to the groundwater. 
Additionally, soil sampling can determine how much fertilizer is left in the soil. These 
“controls” can be used in both urban and rural settings.  
The remainder of this section discusses various assistance programs that are 
available through federal and state agencies, as well as non-profit organizations. The 
federal section briefly discusses the support and funding opportunities that are provided 
through the United States Department of Agriculture and the United States 
Environmental Protection Agency. The state section briefly discusses the support, 
funding, and regulations that are provided through the NDEQ and the Nebraska 
Department of Health Human Services. The local program section discusses and gives 
examples of current regulations and restrictions that are used in the NRDs, county 
zoning, and city/village/districts ordinances and regulations. The NRD section provides 
examples of three districts Lower Platte South, Lower Loup, and South Platte. The 
county zoning section provides examples of three Nebraska counties Gage, Seward, and 
Thayer. The city/village/districts ordinances and regulations section provides examples of 
four Nebraska communities Alma, Hastings, Norfolk, and Wilber. The voluntary options 
programs briefly discuss the support and conservation opportunities that are provided 
through the Groundwater Foundation and the possibility of conservation easements. 
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Federal Programs 
USDA 
At the federal level, both the United States Department of Agriculture (USDA) 
and the Environmental Protection Agency (EPA) designed programs that provide 
technical assistance and funding opportunities to communities. The USDA, sponsors 
several voluntary conservation programs to protect PWS wells. The Conservation 
Reserve Program (CRP) pays a yearly rent to landowners for planting permanent 
vegetation on unused farmland that is susceptible to erosion. The Conservation Reserve 
Enhancement Program (CREP) is a state and federal partnership that give landowners 
incentive payments if they use approved conservation practices. The Environmental 
Quality Incentives Program (EQIP) offers landowners financial assistance to implement 
land management practices such as nutrient management, pest management, and grazing 
land management (USDA. n.d.; O’Connor, 2002). More information about these 
programs can be found at local USDA offices or at http://www.fas.usda.gov . 
USEPA 
The EPA also has many programs designed to protect PWS wells, and works 
alongside the NDEQ to provide technical assistance and funding for local communities. 
For example, source water assessments and protection measures are eligible uses of the 
Drinking Water State Revolving Fund (DWSRF) and the Clean Water State Revolving 
Fund (CWSRF). These funds can be used in a combination of source water related 
assistance activities such as land acquisition; conservation easements; agricultural best 
management practice implementation; urban, wetland buffer establishment, and many 
others (O’Connor, 2002; EPA, 2013). More information about these programs can be 
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found at http://www.epa.gov/ and information to the Source Water Protection Program is 
available at http://www.epa.gov/safewater/protect/protect.html.  
State Programs 
NDEQ 
At the state level, both the NDEQ and the Nebraska Department of Health and 
Human Services (DHHS) have rules, regulations, and guidelines that directly and 
indirectly impact a community’s options for protecting their PWS (O’Connor, 2002). The 
NDEQ develops WHP area maps for public water supplies (see Figure 4). Boundaries are 
drawn to include groundwater which the PWS well(s) is expected to pump within the 
next 20 years. To accomplish this, time-of-travel (TOT) lines are created using the U.S. 
EPA’s Wellhead Analytic Element Model (WhAEM) which assumes steady-state flow 
and average groundwater travel times. This model is a representation of reality based on 
the best known geologic, water level, and pumping information available.WHP area 
boundaries are drawn slightly larger than TOT lines to allow for impacts from seasonal 
irrigation well pumping and some natural variability in the aquifer. WHP area boundaries 
are also drawn to conform to property boundaries, section lines, and water bodies to 
allow for easier land management and identification. Twenty years was used for 
Nebraska’s basis of the WHP area maps because a new PWS well should last at least that 
long. The WHP program is voluntary and the regulatory authority to manage potential 
contaminant sources lies with local communities, counties, and NRDs (O’Connor, 2002). 
More information about this program can be found at www.deq.ne.gov, keywords 
“WHP,” “Source Water,” or “Newsletter.” 
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Figure 4: Example of a Community Wellhead Protection map provided by the NDEQ. Source: NDEQ 
DHHS 
The second agency to be reviewed is the DHHS, whose rules and regulations 
provide guidance for communities to operate and maintain their drinking water systems 
under Title 178, chapter 12: Water Well Standards: Water Well Construction, Pump 
Installation, and Water Well Decommissioning Standards and Title 179: Regulations 
Governing Public Water Systems. Title 179 lists the “requirements and guidelines for the 
siting, design, construction, operation, and maintenance of public water supply systems.” 
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Title 179 NAC 2 defines the minimum set-back distances to protect public water supply 
wells from sources of contamination. Table 3 shows the required set-back distances, 
along with the Title regulations that can be found under for the construction of new wells 
and some older wells depending on the circumstances. It is the responsibility of the PWS 
to enforce these set-backs.  Title 178 NAC 12 sets the standards for decommissioning 
wells and, sets requirements for well construction and pump installation. If an owner of a 
non-community water system chooses to not follow the Title 179 setback distances, 
additional minimum set-back distances for a non-community public water supply wells 
can be found in Title 178 NAC 12(O’Connor, 2002). More information about DHHS can 
be found at http://dhhs.ne.gov/Pages/default.aspx, keyword “Title 178”, and “Title 179.” 
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Table 3: Nebraska State Titles Specific to Public Water Supply Wells. Source Title 179 DHHS 
*DNR setback of 1,000ft from PWS well listed below 
Category Distance 179 178 119 122 123 124 126 130 198 
Water Well* 1,000 X X 
       
Sewer lagoon 1,000 X 
  
X X X 
   
Land app of 
municipal/industrial waste 
material 
1,000 X 
    
X 
   
Feedlot or feedlot 
runoff/Livestock waste 
control facility 
1,000 X 
        
Underground disposal 
systems (septic, cesspool, etc.) 
500 X 
  
X 
 
X 
   
Corral 500 X 
        
Pit/Value toilet 500 X 
    
X 
   
Wastewater holding tanks 500 X 
    
X 
   
Sanitary landfill/Dump 500 X 
        
Chemical or petroleum 
product storage 
500 X 
        
Sewage treatment plant 500 X 
        
Sewage wet well 500 X 
        
Sanitary sewer connection 100 X 
        
Sanitary sewer manhole 100 X 
        
Sanitary sewer line 50 X 
   
X 
    
Class V domestic wastewater 
disposal wells 
1,000 
   
X 
     
Class V wells constructed 
above water table 
1,000 
   
X 
     
Class V well injecting into or 
constructed through 
uppermost aquifer 
1,000 
   
X 
     
Livestock waste control 
facility 
1,000 
       
X 
 
Fertilizer (paunch manure) 500 
      
X 
  
Static pile or wind row 
paunch storage 
500 
      
X 
  
Paunch storage lagoon 500 
      
X 
  
Paunch manure static pile or 
wind row storage 
500 
      
X 
  
Wastewater land application 
and effluent 
500 
  
X 
      
Absorption, infiltration, and 
evaporative systems 
500 
     
X 
   
CAFO manure, litter, or 
process wastewater applied 
100 
       
X 
 
New secondary 
containment/load out facility 
100 
        
X 
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Local Programs 
Natural Resources Districts                                            
At the local level, NRDs, counties, and municipal governments are able to adopt 
and enforce ordinances and regulations designed to protect groundwater supplies. State 
law grants Nebraska's 23 NRDs the responsibility of protecting and managing 
groundwater from over-use, and pollution. Each NRD (see Figure 5) is allowed to set its 
own rules within its district as long as the rules follow Nebraska Rev. Statutes 46-701 to 
46-754 and the Nebraska Ground Water Management and Protection Act (GWMPA). The 
GWMPA focuses on water quantity and quality. GWMPA recognizes that management, 
protection, and conservation of groundwater are essential to the economic prosperity and 
future well-being of the state. Examples of groundwater quantity regulations can be seen 
in appendix B1. Each district also identifies, as much as possible the: levels and sources 
of groundwater contamination; groundwater quality goals; long-term solutions that will 
prevent the levels of contamination from becoming too high, and reduce the high levels 
to eliminate health concerns; and practices that are recommended to stabilize, decrease, 
and prevent the occurrence or spread of groundwater contamination (NDEQ, 2002). 
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              Figure 5: Natural Resources District (NRDs)-Circles represents the NRDs that are being            
                          discussed. Source: Geocaching Nebraska Natural Resources District Map 2012 
 
To establish management options, the NRDs use a phase system activated by 
specific triggers that may affect the water in that district. Examples of the current phases 
for each district can be seen in appendix B2. Whether a phase is mandatory or voluntary 
depends on the NRDs requirements. The common ranking for the phases are I, II, III, and 
IV. The higher the phase ranking, the more management efforts are needed to protect 
groundwater. Triggers are usually based on contaminate levels mainly nitrate measured 
by MCLs for drinking water. The following section looks at three NRDs’ (Lower Platte 
South, Lower Loup, and South Platte) phases, and how each NRD manages water and 
contaminants within its district. It is imperative to understand the information presented 
in this section is unique to each NRD, as every NRD is managed differently.  
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Lower Platte South Natural Resources District (LPSNRD) is located in eastern 
Nebraska, has Nebraska’s second largest city, Lincoln, within its boundaries, along 
with some agriculture. 
LPSNRD Quality Phases (Ehrman, et al. 2014): 
 Phase I: The entire LPSNRD area is designated this phase. 
 Provides extensive education programs. 
 Requires a permit prior to construction of a well that pumps over 50 
gallons of water per minute. 
 
  Phase II: Activated when 50% of wells in the monitoring network are at or 
above 50 % MCL for at least two consecutive years. (Ehrman, et al. 2014). 
 Phase I requirements included in this phase. 
 Requires educational certification for persons engaged in the use, 
application and storage of contaminates. 
 Increases cost-share on best management practices for targeted area. 
  
 Phase III: Activated when 80% of the wells in the monitoring network are at or 
above 80% of the MCL for two consecutive years. (Ehrman, et al. 2014). 
 Phase I and II requirements included in this phase.  
 Requires implementation of best management practices, without NRD 
cost-share assistance. 
 Requires reports of water and soil sampling. 
 Prohibits/regulates the application of any contaminant. 
 Requires the use of inhibitors to prevent leaching of the contaminant. 
 Requires landowners to report results of soil and water sampling annually 
to the NRD. 
 Reviews effectiveness of Phase III annually. 
LPSNRD Quantity Phase (LPSNRD, 1995) 
 Phase I: Entire LPSNRD is in this phase (LPSNRD, 1995) 
 Establish educational programs to protect water quality and quantity. 
 Formation of groundwater advisory committee. 
 Establish, disseminate and demonstrate BMPs and other management 
practices utilized to prevent or reduce the depletion of groundwater. 
 Establish programs for landowner cost-share and technical assistance flow 
meters and flow measurements for irrigation and commercial water wells. 
 Require permits for all new wells that pump over 50 gallons of water per 
minute. 
 Establish priorities for implementing dedicated monitoring well network. 
 Report all groundwater quality and quantity monitoring results. 
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 Coordinate activities with local, state, and federal agencies. 
 Disseminate groundwater information to the public. 
 Conduct annual review to determine Phase I actions effective. 
 
 Phase II: When spring static water elevations in 30% of the monitoring wells in 
that designated area of management have declined from the established upper 
elevation of the saturated thickness to an elevation that represents a greater 
percentage reduction in the saturated thickness and has remained below elevation 
for a two consecutive year period (LPSNRD, 1995). 
 Phase I requirements included in this phase. 
 Require educational certification programs for water well systems 
landowners and/or operators 
 Conduct annual review to determine Phase II actions effective. 
 
 Phase III: When spring static water elevations in 50% of the monitoring wells in 
that designated area of management have declined from the established upper 
elevation of the saturated thickness to an elevation that represents a greater 
percentage reduction in the saturated thickness and has remained below elevation 
for a two consecutive year period (LPSNRD, 1995). 
 Phase I and II requirements included in this phase. Except no cost-share. 
 Conduct annual review to determine Phase III actions effective. 
 Well spacing requirements pursuant to Neb. Rev. Stat 46-673.12 
 
Lower Loup Natural Resources District (LLNRD) is centrally located in Nebraska 
and has an assortment of pastures, crop fields, and livestock within the district. 
(LLNRD, 2015). 
 Phase I: The entire LLNRD is designated this phase. (LLNRD, 2015). 
 Provides extensive education programs. 
 Requires a permit prior to construction of a well that pumps over 50 
gallons of water per minute. 
 
 Phase II: Activated when the median nitrate level is 6.6 mg/l to 8.5 mg/l for four 
consecutive years. (LLNRD, 2015). 
 Phase I requirements included in this phase.  
 Farm operators using nitrogen fertilizers must attend and pass a 
certification class conducted by the LLNRD. 
 Fall and winter application of nitrogen fertilizer is prohibited on sandy 
soils. Nitrogen fertilizers can be applied on sandy soils after March 1. 
 Nitrogen fertilizer with a nitrogen inhibitor will be permitted on non-sandy 
soils after November 1 and documentation showing that labeled nitrogen 
inhibitor was used.  
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 An operator must: supply a yearly water analysis for nitrogen; one 
composite deep soil nitrate analysis; obtain one manure analysis; submit 
an annual form of water tests, flow meter reading, soil tests, crops planted, 
etc.   
 
 Phase III: Activated when the median nitrate level is 8.6 mg/l or greater for four 
consecutive years. (LLNRD, 2015). 
 Phase I and II requirements included in this phase. 
 Operators who pre-plant apply nitrogen fertilizer required to furnish 
documentation from a dealer that a labeled nitrogen inhibitor was used at 
the recommended rate. 
 Nitrogen fertilizers can be applied on all soils after March 1. 
 
South Platte Natural Resources District (SPNRD) is located in the southern section 
of western Nebraska’s panhandle. The geography of the district includes sand hills, 
livestock grazing and some crops. (SPNRD, n.d). 
 Phase I: Activated when levels of a certain contaminant reach 65% of the MCL 
for three consecutive years. For nitrate, this is 6.5 ppm. (SPNRD, n.d). 
 All producers that apply fertilizer or pesticides within the GWMPA are 
required to become certified in fertilizer and irrigation management 
practices.  
 Operators are required to obtain a permit from the NRD before drilling a 
well. 
 
 Phase II: Activated when levels of a certain contaminants reach 80% of the MCL 
for three consecutive years. 8.0 ppm for nitrate. (SPNRD, n.d). 
 Phase I requirements included in this phase.   
 Requires annual 3 foot deep soil sampling.  
 Groundwater well samples from irrigated fields must be collected and 
analyzed for nitrate.  
 Operators using manure as fertilizer must conduct nitrogen sampling 
before applying. 
 Annual reports reflecting the above information must be filed with 
SPNRD.  
 Irrigation wells will be tagged for identification purposes.  
 
 Phase III: After three years in Phase II and contamination levels exceed 95% of 
MCL for three consecutive years. 9.5 ppm for nitrate. (SPNRD, n.d). 
 Phases I and II requirements included in this phase.  
 Flow meters or other approved water measuring devices are required to 
measure the amount of water applied to each irrigated field.  
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 Irrigation scheduling shall be conducted on all irrigated fields to assure 
irrigation efficiency and water conservation.  
 Commercial fertilizer applications on all soils before March 1st will be 
banned for spring-planted crops.  
 Spring fertilizer application rates for irrigated crops must be split-applied 
or applied with an inhibitor.  
 A groundwater allocation schedule will go into effect.     
 
County Zoning  
 
“Nebraska counties have the power to regulate, make, adopt, alter and implement 
comprehensive plans and adopt zoning resolutions that may affect municipal codes 
designed to protect groundwater” (O’Connor, 2002, p. 4). For a WHP plan to be 
effective, the planning committee and county board must first create and adopt a 
countywide comprehensive plan that includes county zoning regulations that incorporate 
the WHP area. Figure 6, illustrates which Nebraska counties have zoning, adopted 
comprehensive plans, or no zoning or comprehensive plans. This section discusses the 
Wellhead Protection Overlay Districts of Gage County, Seward County, and Thayer 
County. Gage County’s estimated 2014 population was 21,663, and is 851 square miles 
(U.S. Census, 2015). Seward County’s estimated population in 2014 was 17,150, and the 
size of the county is 576 square miles
 
(U.S. Census, 2015). Thayer County’s estimated 
population in 2014 was 5,230, and is 573 square miles (U.S. Census, 2015). 
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 Figure 6: Nebraska county map. This map represents the counties that have zoning, adopted  
comprehensive plans, and the counties with no zoning or comprehensive plans. Circles represent the 
counties that are discussed Source: NDEQ, 2011      
 
 
Even though each of these counties has different demographics, locations, and 
NRDs their zoning regulations are very similar. All three counties state that the purpose 
of the WHP overlay district is to (1) assist the municipalities that maintain and operate 
public water wells in the county and (2) assist rural water districts in maintaining and 
operating semi-public water wells in rural areas (Gage County, n.d; JEO Consulting, 
2007; Thayer County, 2005). The overlay districts require the municipality or the rural 
water districts to follow all the requirements of the Wellhead Protection Act Nebraska 
Rev. Statutes 46-1501 to 46-1509 (Gage County, n.d; JEO Consulting, 2007; Thayer 
County, 2005). The municipality and the PWS must submit an application to their county 
board and receive approval prior to the construction of the facility. Under some 
circumstances, the municipality or the PWS may need a special use permit depending on 
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what they are planning to do. An example of this would be confined or intensive animal 
feeding operations and associated waste handling facilities, as well as landfills and 
recycling centers (Gage County, n.d; Seward County, 2007; Thayer County, 2005). One 
example of a WHP area restriction is that “On farm storage of gasoline or diesel fuel in 
excess of 1,100 gallons per aboveground storage tank or 500 gallons per underground 
storage tank shall be prohibited”(Gage County, n.d). In these counties it is up to the 
county to enforce the WHP plan and the communities have to work with the county for 
any additional restrictions. 
City/Village/District Ordinances and Regulations 
 
Nebraska municipalities have the power to implement and enforce ordinances and 
regulations to protect groundwater. However, these ordinances have to take State and 
County regulations into account (O’Connor, 2002). It is the responsibility of the 
municipality to make sure an ordinance or regulation does not violate any constitutional 
or statutory requirements. The Tenth Amendment of the United States Bill of Rights 
states that municipalities have the right under police power authority to make laws, 
regulations, and ordinances as long as they are created to preserve and protect the public 
health, safety, and welfare of the community (O’Connor, 2002). Table 4, shows the class 
of municipalities and each of their legal jurisdiction limits. Local water districts and 
sanitary improvement districts are granted limited police power over the wells they 
operate and the land within their districts. When a municipality creates zoning regulations 
and ordinances, these regulations and ordinances need to be incorporated into the 
municipality’s comprehensive plan.   
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 Hunzeker (2015) a comprehensive plan acts like a guide for the community to 
follow and it can include:  
The general location, character, and extent of existing and proposed structures 
such as transportation routes existing and proposed public ways, parks, and 
open spaces; the general location, educations facilities and properties; the 
general location and extent of existing and proposed public utility installations; 
the general location and extent of community development and housing 
activities; and the general location of existing and proposed public buildings, 
structures, and facilities (p. 6). 
 
Failure to enact a comprehensive plan will result in the withdrawal of a properly 
adapted zoning ordinance (Hunzeker, 2015). Per Neb. Rev. Stat § 14-403-03.01, the 
zoning enabling legislation for all cities and counties in Nebraska must be made "in 
accordance with a comprehensive plan." (Hunzeker, 2015). 
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Table 4: The class of communities and each of their legal jurisdiction limits.  
Source: Hunzeker, 2015 
Class of municipalities Population Legal Authority Limits 
Extraterritorial Jurisdiction Neb. Rev. Stat. 
Metropolitan class 300,001 or more 
Within three miles outside 
of the city limits, except as to 
construction on farms for farm 
purposes 
§ 14-418-419 
Primary class 100,001-300,000 
Within three miles outside of 
the city limits except as to 
construction on farms for farm 
purposes 
§ 15-905 
First class cities 5,001-100,000 
Within two miles outside of 
city limits provided that they 
do not prohibit, prevent, or 
interfere with the conduct of 
existing farming, livestock 
operations, businesses or 
industry 
§ 16-901 
Second class cities 801-5,000 
Within one mile outside of 
city limits provided the 
regulations may not prohibit, 
prevent or interfere with the 
conduct of existing farming, 
livestock operations, 
businesses or industry 
§ 17-1001 
Villages 801 or less 
Within one mile outside the 
city limits provided the 
regulations may not prohibit, 
prevent or interfere with the 
conduct of existing farming, 
livestock operations, 
businesses or industry 
§ 17-1001 
 
 
Ordinances are laws passed by a municipal government of a community such as a 
city, town, or village. Ordinances focus on maintaining the public safety, health, and 
general welfare of the community (WEAL, 2008). Zoning ordinances are also passed by 
a municipal government, as long as they constitute reasonable use of the land within a 
community (WEAL, 2008). Zoning ordinances divide a community into sections to help 
conserve the value of the property and to encourage the appropriate use of land. 
Typically, three districts are established: residential, commercial, and industrial (Figure 7 
is an example of zoned area). Zoning provides city planners the ability to manage 
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population density, assures property owners and residents that the nearby areas will 
remain stable, and that the surrounding environment is safe for the community (WEAL, 
2008). 
Figure 7: Community Wellhead Protection map with a hypothetical example of zoning. Source: NDEQ 
 
 
Four communities, Alma, Hastings, Norfolk, and Wilber have adopted WHP 
plans into their ordinances to help protect against groundwater contamination. Figure 8, 
shows the locations of each of the four communities. Each of these four Nebraska 
        Zoned area
    Commercial  
       Residential   
       Industrial 
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communities had their own reasons for introducing WHP plans into their community or 
has had some form of potential contamination issue that needed to be addressed. 
Examples of their ordinances and regulations can be found in table 5. 
Figure 8: Nebraska city map. Circles represent the four communities that will be discussed. Source: NDEQ 
 
Alma, NE is a second class city with a population of 1,165 (U.S Census, 2013). 
In 1997, the city learned that a company was planning to build a large hog confinement 
facility just 8 miles from the city limits. This was a problem for the community because 
their WHP area did not line up with established territorial and jurisdictional boundaries of 
the community (O’Connor, 2002). This is a common problem that many Nebraska 
communities have to come to terms with. To overcome this problem, several Nebraska 
communities, including the city of Alma, have turned to the Nebraska statute that gives a 
general grant of power to second class cities and villages to obtain and protect the land 
from any possible pollution that can harm their public water supply within fifteen miles 
of their city limits (O’Connor, 2002).  
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O’ Connor (2002) reiterates the fifteen mile law, also referred to as Neb. Rev. 
Stat. § 17-536: 
The jurisdiction of such city or village, to prevent any 
pollution or injury to the stream or source of water for the 
supply of such waterworks, shall extend fifteen miles 
beyond its corporate limits (p. 3) 
 
The disagreement between the city of Alma and Furnas County Farms went to the 
Nebraska Supreme Court for final ruling. In 2003, the court ruled in favor of the city’s 
use of the “fifteen mile” law to protect the public water supply.  
Hastings, NE, is a first class city with a population of 25,093 (U.S. Census, 2013). In 
1983, many of the areas drinking water supply wells were contaminated with VOCs and 
commercial grain fumigants. In 1986, Hastings was put on the National Priorities List 
because of the contamination. “The National Priorities List (NPL) is the list of national 
priorities among the known releases or threatened releases of hazardous substances, 
pollutants, or contaminants throughout the United States and its territories” (EPA, 2013). 
Over time, the industrial solvent chemicals and commercial grain fumigants leached 
through the soils and into the groundwater. As the water in the aquifer moves with the 
groundwater flow, the contamination was carried east, making Hastings one of the most 
complex Superfund sites the EPA has ever dealt with (EPA, 2014). Hastings responded 
by taking two of its wells out of service and placing other contaminated wells on standby. 
Community Municipal Services, Inc, a private water supply system that served the east 
side of Hastings also took two of its three wells off-line due to pollution. It was because 
of all the contamination problems in the past that Hastings adopted a WHP plan into its 
city ordinances to help eliminate future issues (Hastings Civil/Environmental Engineer 
Supervisor).  
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Currently, Hastings is seeing a rise in nitrates and uranium. In 2010, 576 water 
samples were collected over a 76 square mile area to be tested for nitrate (Stange, 2013). 
In 2011, 200 water samples were collected over a 200 square mile area with 42 samples 
analyzed for uranium (Stange, 2013). The combined results showed that 25% of the 
collected samples exceeded the 10 ppm MCL for nitrates (Stange, 2013). The uranium 
levels ranged from 1.2 to 74.8 µg/L and the maximum level is 30 µg/L MCL (Stange, 
2013). The source of the uranium is unknown and requires further investigation; 
however, the source of the nitrate is coming from both urban and rural use of fertilizer 
and excessive irrigation. Therefore, to prevent the rising of nitrate levels the city is 
working with the Upper Big Blue and Little Blue NRDs as well as both rural and urban 
residents to encourage the use of BMPs to eliminate the waste of fertilizers and water. 
The city would prefer if the residents take responsibility for their actions and start being 
more concerned with the amount of fertilizers and water they use. Both urban and rural 
residents are able to apply for certain cost share programs that financially help them with 
any technological additions or changes they are willing to make to help reduce their 
consumption. The residents are also encouraged to get their soil and water tested so they 
can see how much fertilizer is already in them, which in turn can reduce waste of 
nitrogen and saves money, if there is already a substantial amount in them. Using BMPs 
may help eliminate the option of building a million dollar treatment facility that will raise 
the resident’s water bills even more and only last 20 years.  
Norfolk, NE, is a first class city with a population of 24,523 (U.S. Census, 2013). 
Since 1962, Covidien, formally known as Sherwood Medical Co, did not dispose of its 
manufactured medical supply correctly, which contaminated Norfolk’s eastern wells with 
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VOCs. In 1988, the EPA supplied bottles of water to the 5,900 residents affected by the 
contamination. In 1992, the site was put on the National Priorities List (EPA, 2007). In 
2001, the NDEQ helped the city create a WHP plan; not because of the superfund site 
status, but because (1) concern for the nitrate coming off the agricultural landscape to the 
northwest of the city and (2) future development (Norfolk Water and Sewer Director). In 
the future, the city may have houses, factories, gas stations, convenient stores and other 
types of developments in that area, so developing a WHP was the city’s proactive 
approach to preventing future groundwater contamination. The city is also trying to 
eliminate any extra financial burden or health risks that could be caused by groundwater 
contamination in the future.  
Wilber, NE, is a second class city with a population of 1,871 (U.S. Census, 2013). 
The city was one of the first communities in Nebraska to complete a state approved WHP 
plan and is one of the most active communities in Nebraska when it comes to wellhead 
protection activities. When the community saw frequent occurrences of high nitrate 
levels, 8 ppm in two of the four municipal wells, the city decided to take a proactive 
approach towards protecting its drinking water source. From 2003 to 2015 Wilber has 
been awarded four NDEQ Source Water Protection grants totaling $145,050 to 
implement their projects (NDEQ). Funding was used to: install irrigation flow meters and 
evapotranspiration gauges; purchase soil moisture probes; decommission wells; screen 
domestic and irrigation wells for agricultural pesticides; offer UNL Home Study Courses 
for farmers; conduct agronomic soil sampling and reporting, nitrate and coliform water 
sampling, and vadose zone sampling within the WHP area; and promote education and 
outreach efforts to foster BMPs and educate the community on cost share programs. 
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Wilber’s newest SWP grant will begin to implement row crop to alfalfa conversion 
incentives, spring fertilizer application incentives, agronomic soil sampling incentives, 
and complete a detailed vulnerability assessment for the WHP area.  
Table 5: Examples of Alma, Hastings, Norfolk, and Wilber’s ordinances and regulations. 
City, Village 
or 
Community 
Ordinance, 
Code or 
other 
Referenced 
Authority 
General 
Purpose 
Setback 
Required 
Permit 
Requirements 
Geographical 
Coverage 
Penalties 
Defined 
Alma 
City 
Ordinance 
No. 10-217-1 
through 10-
217-3 and 
Neb. Rev. 
Stat. § 17-
536 
Limit ability 
to construct 
or expand 
solid or 
liquid waste 
facilities 
Follows 
DHHS 
guideline 
criteria 
 
Constructing 
solid and liquid 
waste storage 
and disposal 
facilities 
Within fifteen 
miles of the 
corporate limits 
Revocation of 
permit 
Hastings 
City 
Ordinance 
No. 3754 
Establishes 
Hastings 
Institutional 
Control Area. 
Follows 
DHHS 
guideline 
criteria 
 
Drilling of new 
wells, 
registration of 
existing wells 
Within Control 
area and within 
two miles of 
corporate limits 
$100.00 per 
offense plus 
enforcement 
as nuisance 
Norfolk 
Ordinance 
No. 4603. 
Ordinance 
No. 4352 and 
5025 
Limit ability 
to construct 
or expand 
solid or 
liquid waste 
facilities 
Follows 
DHHS 
guideline 
criteria 
 
Constructing 
solid and liquid 
waste storage 
and disposal 
facilities. 
Drilling of new 
wells 
Within Control 
area and within 
two miles of 
corporate limits 
 
Wilber 
Ordinance 
No. 766 
Defines and 
designates 
the City's 
Wellhead 
Protection 
Area 
Follows 
DHHS 
guideline 
criteria 
 
Drilling of new 
wells 
Within Control 
area and within  
one mile of 
corporate limits 
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Voluntary Options 
There are several types of educational and voluntary actions that communities can 
use to help educate their citizens concerning the various ways they can protect their 
groundwater resource. For example, showcasing the WHP area and educational activities 
through the distribution of brochures, sponsoring poster contests in school, writing news 
articles, advertising in the local news media, posting signs regarding wellhead protection 
boundaries, and providing assistance to children who want to attend the annual 
groundwater festival, or to local businesses with BMPs or spill notification plans 
(O’Connor, 2002).   
Groundwater Foundation 
The Groundwater Foundation is another example of a voluntary management 
option used by several Nebraska communities. The foundation provides a program for the 
communities to follow called the “Groundwater Guardian Program,” which educates and 
empowers local citizens and communities to take the appropriate steps toward protecting 
their groundwater (O’Connor, 2002 and GWF, n.d). The program requires that the 
citizens become involved and create a “Groundwater Guardian Team”, which is tasked 
with developing, and implementing a Results Oriented Activity Plan. The teams must 
also submit annual forms of their activities and results (O’Connor, 2002; GWF, n.d). 
Some of the participating Nebraska communities include the cities of Grand Island, 
Imperial, Lincoln, North Platte, and Sidney; Douglas, Lancaster and Seward Counties 
and Offutt Air Force Base (O’Connor, 2002; GWF, n.d). More information on the 
Groundwater Foundation can be found at www.groundwater.org. 
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Easements and Contracts 
Urban and rural communities within a WHP area may work together and come to 
an agreement called a conservation easement, which is a voluntary agreement that limits 
land use and/or requires agricultural chemical BMPs (O’Connor, 2002). The easements 
are typically attached to specific tracts of land and are obtained by purchase or through a 
lease. Communities may provide cost share assistance to farmers for putting land into 
pasture; purchase land outright and lease the land back to farmers, who will follow 
specific agricultural chemical management practices; or contract with land owners for 
land use restrictions that will protect the community’s water supplies (O’Connor, 2002). 
As of 2015, no conservation easements could be found that were specifically written to 
protect a WHP area in Nebraska. 
Learning from Other States 
Since, Nebraska’s WHP program was established and approved twenty-four years 
ago it still has not been used to its full potential and contamination problems in 
groundwater continue to increase. To better understand how other states run their 
programs in an attempt to improve Nebraska’s WHP efforts, NDEQ and the Association 
of State Drinking Water Administrators (ASDWA) teamed up and sent out an eight 
question survey to all 50 states, excluding Nebraska. Out of the 49 that were contacted, 
30 states from across the country responded. Full questions and responses can be found in 
appendix C. 
As mentioned previously, Nebraska’s current time of travel paths are 20 years. 
However, NDEQ wanted to compare their timeframe and reasoning for the 20 year TOT 
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to other states. Results showed TOT path timeframes are primarily determined based on 
the state geologic makeup. TOT survey results are shown in table 6: 
Table 6: TOT survey results. 
Number of States 
 
Time of Travel (TOT) 
9 states out of 30  Five year 
13 states out of 30  Varied TOT ranging from 0-15 years depending on geology 
1 state out of 30  Twenty year 
 
 
Nebraska has a problem with increasing nitrate levels in groundwater. Based on 
survey results, this is a major contaminant of concern for most states as 19 out of 30 
states listed nitrate as one of the most common contaminants. Interestingly, nitrate was 
found in a variety of different locations across the United States. Other common 
contaminants that were reported that are also found in Nebraska are VOCs and arsenic. 
Six states reported problems with VOCs, 4 states reported problems with arsenic, and16 
states out of 30 listed other types of contaminants, shown in table 7. 
Table 7: Common contaminants survey results. Full list of questions and responses can be found in 
appendix C. 
Number of States 
 
Common Contaminants 
19 states out of 30  Nitrate 
6 states out of 30  VOCs 
4 state out of 30  Arsenic 
16 states out of 30  Other 
 
 
NDEQ feels promoting and encouraging the implementation of BMPs is 
increasingly important and wanted to know what specific actions other states encouraged. 
The varied responses were combined into three categories: land management, 
management, and outreach as shown in table 8. 
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Table 8: The combined results from a 30 respondent survey of their most common best practices that they 
use. 
Number of States 
 
Best Practices 
8 states out of 30 
Land management: 
 Buffer Strips 
 Cover Crops 
8 states out of 30 
Management: 
 Proper handling of chemicals 
 Fertilizing 
6 states out of 30 
Outreach: 
 Conservation easements 
 Pesticide collection events 
 
 
Each state works to encourage public support and involvement in their own way, 
but it is clear that activities that engage the general public are the most commonly 
utilized. Answers were combined into three categories: funding, outreach, and 
partnerships as shown in table 9. 
Table 9: The combined results from a 30 respondent survey of the most common ways to encourage public 
support. 
Number of States Encourage Public Support 
5 states out of 30 Funding:  
 Grants  
18 states out of 30 Outreach: 
 Education 
 Workshops 
 Conferences 
 Public meetings 
6 states out of 30 Partnerships: 
 Rural Water Association   
 Public Water Service Operator 
 
 
According to respondents community efforts for creating WHP plans seems to be 
growing as 14 states noticed an increase in efforts, 10 saw no change, and only 4 have 
noticed a decrease in community WHP efforts. States differed on what they felt 
contributed to the change. Responses were categorized based on whether the WHP efforts 
were increasing or decreasing, and are shown in table 10. 
 No-Till 
 Terraces 
 Nutrients 
 
 Education 
 
 Loans 
 Site visits 
 Events 
 Newsletters 
 Surveys 
 Farm to 
Stream 
 Ag retailers 
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Table 10: The combined results from a 30 respondent survey and whether or not they have seen an 
increase/decrease or no change in their community efforts. 
Number of States 
Increase/Decrease in Community Efforts 
 
14 states out of 30 
Increase:  
 Support from the state 
 Community involvement 
 Avoid chemical spills 
 Increase oil drilling 
 Increase in grants 
 Increase activity with water systems operator 
4 states out of 30 
Decrease: 
 Lack of apathy 
 Lack of funding 
 No events to ignite public awareness 
 Comprehensive plan can be overly cumbersome, especially for 
smaller communities 
 
 
As mentioned earlier, nitrate levels are increasing in Nebraska and much work is 
being done to better understand and reduce nitrate contamination in groundwater. One 
way to improve these efforts is determining what successes other states are having with 
reducing nitrate levels. Out of the 30 respondents, nine states have published documents 
on reducing nitrate contamination. However, two of the nine examples are older than 20 
years. A couple examples of communities that reduced their nitrate levels are listed 
below, while the majority of examples can be found in appendix C.  
One community saw a rise in nitrate due to fertilizers on an agricultural field just 
north of their wellfield. The Village purchased the land and has kept it uncultivated. The 
village has encouraged other farmers in the area to use agricultural chemicals that 
optimize crops, while protecting the groundwater quality. Since then, nitrate levels have 
declined. 
Another state has an entire document that focuses on nitrates. In it, the conclusion 
was made that nitrate levels fluctuated with agriculture economy. When the price of corn 
is low more farmers are prone to be more conservative and use management measures. 
41 
 
 
 
The community saw a 50 percent decrease in nitrate levels when crop prices were low. 
As corn prices increased, the conservation incentives were no longer a match for 
agricultural production. Much of the land that was in the Conservation Reserve Program 
was converted back into row-crop production. During this same time, the community saw 
their nitrate levels rapidly increase. 
Currently, NDEQ does not have a cost benefit analysis to help communities 
understand the financial benefits of having a WHP plan over paying for remediation 
efforts. Survey results revealed that no respondent had current studies to share, and a 
majority of the respondents would like to see such data in the future. Cost benefit analysis 
survey results shown in table 11. 
Table 11: Cost benefit analysis survey results 
Number of States 
 
Cost Benefit Analysis 
8 states out of 30  Had one in the last 20 years 
3 states out of 30  Use EPA study that was referenced in this document 
19 state out of 30 
 No study, but commented they would like to have one. Know even 
without one it is still less expensive to be proactive then to clean up 
a contamination. 
 
 
Delaying and Progressing WHP Plans 
About 85% of Nebraskan’s rely on groundwater for their drinking water. That’s 
why it is important that the citizens of Nebraska understand how significant their 
groundwater is, and precautionary actions must be taken to protect it. Unfortunately, 
many residents do not fully comprehend how their actions impact groundwater. Nitrate 
levels in aquifers are increasing throughout the state. As it has just been discussed, there 
are many management assistance options available to PWS and communities. 
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According to NDEQ, every active community PWS has a delineated WHP map, 
as seen in Figure 9, but this does not mean the community water source is protected. It is 
up to each community to develop and enforce their own WHP plan.  
 
Figure 9: Nebraska’s Wellhead Protection Areas. NDEQ representatives showing every PWS     
WHP map. Source: NDEQ, 2015   
 
 
However, many communities do not have the time, support, education, or money 
necessary to develop and implement a WHP plan, especially in smaller communities. 
Assistance from their local NRD, Rural Water Association, or a consultant is generally 
needed to complete a WHP plan as communities don’t usually have the information or 
technical ability to complete one on their own. Furthermore, some NRDs and 
communities do not recognize the value of WHP plans, and do not make it a priority. 
This lack of understanding and resources is clear when comparing the number of 
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completed WHP plans in each NRD (see table 12). NRDs that emphasize the importance 
of WHP plans amongst their communities are easily recognized by reviewing NDEQ’s 
lists of approved WHP plans. Three NRDs, and their representatives, that are highly 
recognized for their wellhead protection work are Daryl Andersen, Water Quality 
Specialist at Little Blue NRD (LBNRD); Jason Moudry, Water Programs Specialist at 
Lower Loup NRD (LLNRD); and Ryan Riesdorff, Water Specialist at South Platte NRD 
(SPNRD).  
Table 12: Comparing the number of completed WHP plans in each NRD district. Source: NDEQ 
NRD 
 
Active PWS & WHP Area Approved WHP Plans 
Upper Big Blue 43 27 
Little Blue 38 25 
Lower Elkhorn 53 11 
Lower Platte North 37 9 
South Platte 11 8 
Lower Loup 48 7 
Central Platte 42 4 
Lower Big Blue 21 4 
Lower Platte South 41 3 
Nemaha 37 3 
Papio-Missouri River 49 3 
Lewis & Clark 17 2 
Upper Niobrara White 10 2 
Lower Republican 23 1 
North Platte 19 1 
Twin Platte 11 1 
Upper Elkhorn 21 1 
Upper Loup 6 1 
Lower Niobrara 10 0 
Middle Niobrara 8 0 
Tri Basin 1 0 
Upper Republican 9 0 
 
 
The LBNRD, located in the south central part of the state voluntarily works with 
communities by explaining what WHP is, why it is a good management practice, and 
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how to develop one. They discuss with the communities the benefits of receiving grant 
money being proactive instead of reactive, and the advantages of having all your 
municipal plans in one place in case there is an emergency (LBNRD representative). 
Training sessions are also offered to communities at least once a year on a variety of 
topics ranging from water management techniques to fertilizer management. The NRD 
also encourage the use of BMPs, cost share assistance on well decommissioning, and soil 
conservation. Public information and educational programs are shared with residents 
through newsletters, articles, pamphlets, TV, radio, magazine and public forums. The 
biggest barrier for communities developing and implementing WHP plans is having 
someone help the community through part or the entire process (LBNRD representative). 
The LLNRD, located in the central part of the state, believes the best way to 
encourage and educate communities about WHP is having a personal connection with 
their communities. LLNRD staff try to attend every community meeting they are invited 
to, and are available to address all questions, comments, or concerns. Quarterly 
newsletters with updates on topics such as water, soil, and BMPs, are distributed to 
approximately 37,000 residents in the district. The NRD publishes information in 
newspapers and attends a weekly radio show to promote current land and water events 
that are happening in their area. Residents in this district who are on the verge of or do 
have high nitrate levels receive a newsletter from the LLNRD that provides ways to 
lower nitrate levels through BMPs. The newsletter also reminds readers that smaller 
amounts of fertilizer should be used if there is already nitrate in their soil (LLNRD 
representative).  
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The LLNRD also provides voluntary educational programs to both elementary 
and high school students. Elementary students are able to attend the annual Groundwater 
Festival in Grand Island, NE, or the Environmental Festival in Ord, NE. At these events, 
students participate in activities and learn the value of the environment and natural 
resources and the importance of protecting them. High school students are able to 
participate in competitive activities such as range judging, land judging and the 
Envirothon, a competition for high school students that tests their knowledge of the 
environment. The only obstacles the LLNRD identified as slowing down the process of 
every community adopting a WHP plan is a lack of funding and the time to create one. It 
is difficult for some people to imagine possible problems that could occur with their 
water, so they do not see a need to be proactive (LLNRD representative). 
The SPNRD, located in western Nebraska, has learned the best way to assure the 
success of implementing WHP plans/programs is working with the towns’ water 
operators. The water operator is an important asset for implementing WHP programs as 
they are required to attend meetings, workshops and conferences to keep up on their 
continuing education credits. A water operator who has had a positive experience with 
their WHP plan may spread the word to other operators about the program, giving others 
encouragement to develop their own plan. Also, in many communities, the water operator 
has multiple responsibilities and finding the time to create a WHP plan can be difficult. 
SPNRD feels, water operators are more inclined to develop a plan if the NRD 
representative provides assistance throughout the planning process and the water 
operators main responsibility is reviewing and approving a draft. Once the water operator 
agrees to create a WHP plan, the SPNRD takes the idea to the community board. The 
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main concerns the NRD will get from the community board are; what it is going to cost, 
how long is it going to take, and how much work or money will it take to keep it up to 
date. Some communities raise concern over additional regulations that will result from 
completing a WHP plan. This assumption is false, as WHP plans only contain the 
regulations a community chooses to include and is meant to protect their PWS. There are 
no obligations to create additional regulations, unless the community feels it is important 
to do so. An additional problem is often the size of the community. Villages have limited 
community involvement, which makes it a challenge to start a WHP plan. Conversely, 
communities with larger populations are more active and involved, which eliminates 
some of the challenges of acquiring community support.  
The SPNRD offers many cost-share programs, such as cash for grass, rain barrels, 
rain gardens, buffer strip program, and well abandonment. Cash for grass was a pilot 
study performed in 2005 in Sidney, NE. They converted 38,000 sq. ft. of lawn into 
buffalograss (SPNRD, n.d.). The SPNRD has noticed the interests in the cash for grass 
program, rain barrels, and rain gardens seem to increase during times of drought, when 
residential water usage and subsequent water bills increase. One thing that the SPNRD 
has noticed is the voluntary involvement from the communities. Each year the SPNRD 
selects a community to host a workshop. After the workshops are held, other 
communities call and ask the NRD to speak and hold workshops in their communities. 
People seem willing to adopt BMPS, such as creating rain gardens, on their own even 
without a cost share; as long as they are provided with instructions and information on 
how to do it (SPNRD representative). 
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The SPNRD also offers a well abandonment program, which is used to plug a 
well when it is replaced with a new well. Participation from communities was high when 
NDEQ offered a program to supplement the NRD’s cost -share program and paid 100% 
of the cost to decommission old wells. However, that program has since expired. Today, 
with help of a clean water act section 319 grant they are again able to offer 100% cost-
share within wellhead protection areas. Unsurprisingly, the SPNRD sees a larger 
participation rate when the NRD covers 100% of the costs compared to when they can 
only cover 65% of the decommissioning costs. Decommissioning old wells is a huge 
benefit to the communities and one of the easiest ways to help ensure a safe water supply 
(SPNRD representative). 
As for reducing groundwater pumping in the aquifer, the SPNRD has started 
allocating water to farmers in the district. Each year a farmer is given a water allowance; 
if they exceed this amount, the overage will be deducted from the next year’s water 
allowance. To help farmers monitor their usage and accuracy of irrigating crops flow 
meters, evapotranspiration gages, and water mark sensors are also available upon request 
(SPNRD representative).  
Risk Management 
Nebraska’s geology has blessed the state with a large amount of clean and 
available drinking water. With this abundance of water, it is hard not to take it for granted 
and sustain efforts that reduce aquifer depletion or groundwater contamination. The truth 
is that depletion (see Figure 10) and contaminations (see Figure 11) are happening in 
multiple locations statewide. 
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 With aquifer depletion and contamination comes a large financial burden for 
communities. As mentioned in the “Delaying and Progressing WHP Plans” section the 
barriers that many local and state official representatives have noticed is communities do 
not have the time, support, education, or money necessary to develop and implement a 
WHP plan. However, when the PWSs nitrate levels are increasing and continue to 
increase to dangerous levels, the community erroneously believes building a multimillion 
dollar treatment facility or simply drilling a new well one mile away from the existing 
well will lower nitrate levels and make the water safe to drink again. As mentioned in the 
“Benefit and Cost Prevention” section, this is only partially true and, more importantly; it 
is not a long term solution. Also, recall from the “Benefit and Cost” section that 
remediation of groundwater contamination can be 30 to 40 times more costly than being 
proactive and creating a WHP plan that works to protect groundwater from contamination 
(EPA, 1995).      
  Figure 10: Groundwater level changes from Spring 2009 to Spring 2014. Source: UNL School of    
             Natural Resources, 2014 
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 Figure 11: Most recent recorded Nitrate-N concentrations of 25,014 wells from 1974-2013.   
            Source: Quality-Assessed Agrichemcial Database for Nebraska Groundwater &NDEQ, 2015.  
 
 Based on interview comments from the NRDs, NDEQ, and consultants, as well as 
the research conducted for this project, the importance of establishing WHP plans 
through education and funding opportunities should be emphasized when working with 
communities and even NRDs. Education should not only include informative pamphlets 
and newsletters, but also encourage outreach programs that emphasize working with 
people of all ages, and demonstrating, through workshops, conferences, exhibits, etc., 
examples of WHP plans and BMP technologies (Rupe & NRD representatives, 2015). 
The WHP plan examples should show how communities use their plans, what they can 
do with them, and why they are important. BMP examples should show the benefits of 
BMPs, why they are successful, and the amount of money and water they can save. When 
developing a WHP plan, community members living in urban and rural sections of the 
WHP area should work together so they have an understanding of each other and reach 
mutual agreements (Rupe, 2015 & NRD representatives, 2015). This working 
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relationship helps prevent unnecessary conflicts that may arise when implementing 
various BMPs. One such way to help eliminate conflict is to offer free water testing for 
farmers so they can get an idea as to what their nitrate levels are. This effort shows that 
both the municipality and farmers are affected by nitrate levels, and that BMPs need to be 
established everywhere, not just in the WHP area. 
 Another crucial element in helping encourage the development of WHP plans is 
increasing funding opportunities. As mentioned previously communities are short on 
financial support, so any potential funding opportunities, especially through the NRDs, 
are most helpful, if not essential. For example, it is difficult for a small community of 300 
to afford or prioritize developing a WHP plan when more noticeable problems exist, like 
potholes or an aging infrastructure in need of replacement.  
 When communities become concerned with potential contaminants or want to 
start addressing contamination problems they can follow a risk assessment model, such as 
the one in Figure 12. (Ritter et al, 2002). The main components of this risk assessment 
model are identifying the hazards, dose-response or the effects evaluation, exposure 
either through sources or pathways, and risk characterization. The last step brings 
together the information from the preceding four steps to determine the probability of any 
adverse effects that may be contributed to the contaminant (Ritter et al, 2002). 
 First step, identifying the hazards: The community takes note of the major 
contaminants that have either proven to be harmful to people or are a potential 
risk to human health. 
 Second step, dose-response or the effects evaluation: When the dose of a 
contaminant is measured and when a response (effect) starts to take place.  
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Example, exposure 9 ppm of nitrate is the highest dose a child can have before 
they start to have a response. 
 Third step, exposure of the contaminant: Where the contaminant comes from, 
either through sources or pathways. Examples could be pesticides in ground or 
surface water, sewer systems, ditches, or runoff, etc. 
 Fourth step, risk characterization: Understand the sources, fate, and 
concentrations of contaminates in the water and what to do about it. 
 
Figure 12: Risk assessment framework developed by National Academy of Sciences (1983). Source: Ritter 
et al, 2002. p7. 
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Communities able to address issues that impact their drinking water help keep 
their water and their residents safe and ensure ample clean water supply for the future. If 
a disaster does occur whether it is by human activities or natural causes, the community 
will be prepared and the chance of the disaster being a catastrophic event is reduced.  
How can urban and rural residents be encouraged to become actively involved in 
protecting their drinking water and implementing WHP plans, before nitrate levels 
become a hazardous problem? It is alarming that even when people know about a 
hazardous event that could harm them, they avoid taking precautionary steps to protect 
themselves (Mileti, 1999). This is seen every time there is a flood or hurricane. People do 
not leave their homes when evacuations are ordered and become stranded, and need to be 
rescued. This decision making process occurs here in Nebraska when urban and rural 
residents know their nitrate levels are testing high, yet they remain more concerned with 
the appearance of their crops, lawns or the appearance of the paint job on the water tower 
instead of the sustainable management of the land. Mileti’s research points out that 
people are unaware or underestimate the hazards they are facing. Many people do not see 
water contamination as a hazardous disaster, unless it is a spontaneous event such as a 
chemical spill. In reality, groundwater contamination is often a slow onset hazardous 
event instead of a sudden catastrophic event. Nitrate contamination can be similar to 
drought, it slowly creeps up on the communities and by the time the problem is realized it 
is too late to quickly mitigate the effects. This gives the communities no choice but to 
take drastic measures, which for a drought is reducing water consumption and 
implementing conservation methods. For nitrate contamination it is either paying for 
treatment or finding a new source of water. When the disaster does strike residents are 
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likely to blame others for their losses, or in this case government entities, for the rise in 
water rates and new regulations that will be enforced. (Mileti, 1999, p. 137).  
However, in some cases it is difficult to properly plan for the unexpected because 
of severe economic constraints that limit one’s ability to be able to adjust to the hazards 
or to prevent the hazard in the first place (Mileti, 1999). Many struggling communities 
that are short on cash flow and have several other upfront costs experience severe 
economic constraints. Even though the community as a whole may not be able to afford 
drastic changes, individuals from the community can do their share of prevention or 
mitigation to help eliminate drastic effects. Individuals, at first, may find it hard to plan or 
maybe even find themselves not knowing all their options during a hazardous event. This 
could be because they have never experienced it or they didn’t take into account the 
severity of the event. One reason people are not able to plan accordingly is because 
sometimes the information they do receive about the hazardous event can overwhelm 
them. Therefore, when presenting information to the public it is best to always have a 
certain amount of key points that are easy for people to remember, so when an emergency 
does happen they can refer back to those main points (Mileti, 1999). 
When educating individuals about preparing for hazardous events, it is best to 
keep the preparation tools easy and affordable so they are more prone to buying and 
using them instead of staying away from them if they are too time consuming and 
expensive (Mileti, 1999). This is where incentives can play a major role in hazard 
planning, especially when reducing nitrate levels. Incentives can help cover the costs 
and/or work that would be required from the individuals. The most influential way of 
getting people to be more prepared and mitigating hazardous events is having the local 
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government step in and enforce certain regulations or codes that will reduce nitrate 
contamination. Example of this enforcement would be making it mandatory for all 
landowners to have their soil and water tested before applying fertilizers. This may not be 
the most preferred way by both urban and rural residents; however, it is the most 
guaranteed way to get results (Mileti, 1999). Mileti (1999) mentions that the adoption of 
building codes have been the most successful natural hazard mitigation mandates. When 
it comes to nitrate levels, certain NRDs, for example SPNRD requires farmers to test 
their soil and water if their land is in a phase II and phase III. This testing has helped 
farmers save money by not buying so much fertilizer and nitrate levels in that area have 
decreased which saves the residents money and reduces stress about health concerns that 
are caused by high nitrate levels.  
Another way for communities to be prepared for a hazardous event is by using 
their comprehensive plans, which allows them to coordinate and manage multiple issues, 
goals, and policies effectively (Mileti, 1999 p. 157). This helps the community to be 
prepared before disaster strikes. An example of this would be having a backup well just 
in case the main well can no longer be used. Communities’ working together is another 
beneficial way for planning for a hazardous event. This way they can share what has and 
has not worked. Each community should keep records and maps of any losses that have 
been experienced during the event or in this case as a result of increases in rise in nitrate 
levels for better planning purposes. 
Conclusion 
The nation’s thoughts and opinions about sanitary conditions of water have come 
a long way over the last few decades. Disastrous events ranging from human waste being 
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disposed of in streets and in drinking water sources, to the dumping of chemicals and 
debris into rivers caused the public to demand the government create regulations that 
protect water sources across the country. Human beings and the natural world deserve to 
have clean and safe drinking water, as well as clean and safe rivers.  
Groundwater contamination comes from both point sources and/or nonpoint 
sources. Developing a WHP plan can protect a community by mitigating and planning for 
these hazards. The biggest nonpoint source contamination concern in Nebraska is nitrate. 
Nitrate is a human health concern because when it reaches the MCL of 10 ppm and above 
it is harmful to young children and ultimately causes blue baby syndrome and adults with 
weak stomach systems. Studies are also showing a correlation between nitrate and a rise 
in certain types of cancers in people. For these reasons, it is critical that we reduce nitrate 
contamination in our environment for the health and safety of people. Nevertheless, 
eliminating nitrate from groundwater is not an easy or inexpensive task. The only way to 
remove nitrate is through expensive treatment, but preventing it is relatively simple if 
both urban and rural residents have the knowledge and desire to do so. People can learn 
about contaminant source management options from federal, state, local, and voluntary 
programs that will help them be more proactive and conservative with water and 
chemicals, thus reducing the chances of contaminants entering the PWS. A brief 
overview of how county and local ordinances operate, the reasons they implemented a 
WHP plan, and four communities WHP work were reviewed. The communities that were 
selected were chosen for a variety of reasons. Alma took a stand in protecting their water 
by taking a potential groundwater polluter to the Supreme Court and fought for their right 
to enforce the “fifteen mile law”. Wilber is one of the most active communities that 
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Nebraska has in terms of WHP protection. When their nitrate levels were averaging 
around 8 ppm, both rural and urban residents took action; working together to reduce 
their nitrate levels. Having various factions of a community come together and work with 
each other is something all communities need to do when creating and implementing a 
WHP plan. Both urban and rural residents need to be on the same page, so that they can 
work together and encourage one another to use BMPs, instead of just building a 
treatment plant thinking it will solve all their problems. 
The survey results from the 30 state respondents showed that Nebraska is not 
alone in its fight in reducing nitrate contamination. There are many states struggling to 
get the public engaged in using BMPs and taking contamination issues seriously. State 
agencies all understand the value of having a cost benefit analysis, but a majority of them 
do not have one. The survey results even showed that lowering nitrates is possible, but by 
doing this more than just public involvement is required. Take into consideration the state 
that identified a trend in farmers utilizing BMPs depending on commodity prices. When 
the commodity price is high, convincing rural residents to convert or keep their land as 
native prairie or wetlands becomes an obstacle. This shows that money can be a big 
incentive over clean water. This is why it is imperative to give the land users all the 
necessary facts when educating or making an agreement with rural and urban 
communities about crop conversion programs. These facts include the importance of 
health and safety for the communities, the financial burden that contaminants can cause a 
community when treatment is implemented, and most of all, encouraging BMP use which 
saves money by eliminating the uncertainty of when to water, and how much fertilizer to 
use. 
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 During this project, it was discovered how beneficial a cost benefit analysis is and 
how important it is for Nebraska to have one. The study showed preventing 
contamination before it happens is significantly less expensive than trying to clean up the 
contamination after the fact. The size of community does not always correlate to the cost 
of remediation. As we have seen, small communities can have large remediation costs. A 
cost benefit analysis needs to be conducted for Nebraska and the rest of the country. This 
would be a very valuable tool for all federal, state, and local programs to have. Simply 
telling communities and PWSs the benefits of protecting their groundwater isn’t as 
effective as providing specific examples. Everyone needs to see the financial burden and 
relief that is provided with proactive behavior opposed to reactive behavior. 
 Conversations with NRD representatives showed that even though many 
communities have a WHP plan, they are not recognized or used to their full potential. 
Often times it becomes just another book sitting on the shelf, while, in many cases, nitrate 
levels continue to rise. When creating a WHP plan, both urban and rural residents have to 
be involved and work together. This will reduce confusion, conflicts, and lower the 
possibility land users will feel overly regulated if they are part of developing BMP 
regulations. When a community implements their WHP plan appropriately the chances of 
them having to invest in a treatment facility should decrease.  
Some of the most crucial points made in this document were barriers and 
motivators that effect public engagement when developing and implementing a WHP 
plan, using BMPs, and understanding the severity and importance of preventing water 
contamination before it happens. Some of these barriers include lack of funding for 
implementing a WHP plan and/or funding BMPs, lack of support to develop a plan, and 
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lack of education and understanding as to why people should worry about contaminants 
now, rather than later.  
The way to overcome these barriers and encourage people to be more motivated is 
by first knowing who to contact to raise awareness about WHP. For example, the 
representative from the SPNRD said the best way to encourage a community to 
implement a WHP plan is to work with their water operator. Secondly, looking at the 
ways we are educating people and how information is presented. Is the information too 
overwhelming so people are unable to retain anything and loses interest on the topic? Are 
people being left with more questions or feeling like the information was a waste of time 
and nothing was gained because not enough information was provided. Finally, increased 
funding opportunities are needed for developing WHP plans, BMPs and raising 
awareness for these opportunities. Assistance programs are only helpful if people know 
about them, and how to fill out any paperwork that maybe required. If paperwork is 
required, offer assistance filling it out or tell them where they can find help if they are 
confused or have no experience applying for grants or loans.  
The real dilemma that needs to be conquered is the lack of support and 
communication. Communities, NRDs, consultants, NDEQ, and the EPA need to come 
together to help educate and learn from one another about areas in which they may need 
assistance. Whether it is helping with grants, demonstrating how to use BMPs, what a 
WHP plan is and how to develop one, or if nothing else, sharing resources so they can 
collectively protect Nebraska’s water. The end goal should be communities having the 
ability to independently create their own WHP plan with little or no assistance. 
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Appendices 
Appendix A 
A five-step planning process for communities to follow when developing a WHP plan.  
Nebraska Five Step Plan 
 
Nebraska’s Wellhead Protection Program is designed to protect land and groundwater 
surrounding public drinking water supply wells from contamination (NDEQ, 2010).  
The planning process is a simple five step plan: 
 
1. Delineation – NDEQ determines WHP 
areas by approximating the path 
groundwater takes to reach a community’s 
well(s) in 20 years. A groundwater model 
(Figure 13) calculates 20 year time of 
travel flow lines utilizing average pumping 
rates and local geology and aquifer 
characteristics. Topography and effects of 
nearby wells are also considered.    
Figure 13: Groundwater model Source: 
NDEQ 
 
 
2. Potential Contaminant Source 
Inventory – Potential sources of 
groundwater contamination within the 
WHP area are identified through field 
observations and existing data to help 
water systems prioritize and focus 
management efforts. Figure 14, example 
of the boundary that a WHP area would 
surround. Source: EPA, 2014. 
 
Figure 14: Example of the boundary that a 
WHP area would surround. Source: EPA, 
2014. 
Examples of available databases: 
 NDEQ-regulated facilities 
 NDNR-water wells 
 NRDs-abandoned wells  
 Ne oil & Gas Conservation Commission-oil & gas wells 
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Examples of contaminant sources: 
 Residential-fertilizers and chemicals 
 Agricultural-fertilizers and livestock 
 Commercial/Light Industry- repair shops and cleaners 
 Industry-landfills and manufacturing 
 
 
3. Contaminant Source Management –   
The management of contaminant sources may include: 
 the enactment of ordinances, public nuisance 
laws, and zoning restrictions on specific land 
uses; 
 cooperative efforts with local NRDs;  
 the purchase of land or conservation easements;  
 voluntary actions.       
  In addition to encouraging BMPs throughout 
the WHP area, it is also important to develop an 
understanding of the specific contaminante. 
Figure 15, illustrates the various sources of 
nitrate and how it can contaminate groundwater.  
 
 
 
 
Examples of BMPs in urban settings: 
 Installing water meters                                                      
 Rain sensors for lawn irrigation   
 Rain barrels/rain gardens (Figure 16) 
 Alternative lawn options (Figure 17)   
 Mulching lawn clippings  
 
 Examples of BMPs in Agriculturte settings: 
 Water management programs  (Figure 18)   
 No-Till cultivation  
 Terracing                                   
 Strip cropping 
 Alternative cropping methods (Figure 19) 
 
 
                                                                             
 
 
 
                    
Figure 17: 
Alternative lawn 
options. Source 
Google Image 
 
Figure 16: Rain 
barrel. Source 
Google Image 
Figure 19: 
Alternative 
cropping methods 
Source Google 
Image 
 
Figure 18: Water 
management 
programs. Source 
Google Image 
 
Figure 15: Sources of nitrate. 
Source: www.co.portage.wi.us 
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4. Emergency, Contingency, and Long-
Term Planning – Each community 
develops a plan to provide alternative 
sources of drinking water in the event 
of: shut down of well due to 
contamination; a natural disaster that 
impacts wells; major mechanical or 
physical breakdown of pump, water 
tower, or distribution system; or 
vandalism to well, water tower/storage, 
or supply source. The plan must identify           
safe short term drinking water source and  
Potential locations for a new well. See Figure 
 20 for examples of natural disasters that can  
affect PWS. 
 
 
 
5. Public Education and Participation— 
The public will be informed and educated 
on ways their community can protect 
groundwater and drinking water sources 
throughout the planning process (Figure 
21 is an example of potential educational 
material) Groundwater Guardians is a 
program through The Groundwater 
Foundation that provides support and 
encouragement for all communities that 
are interested in groundwater. They will 
educate the members with groundwater 
awareness activities, motivation, and  
recognition for their achievements  
to keep the community program going  
year after year. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20: Examples of natural 
disasters that can affect PWS. 
Source Google Image 
 
Figure 21: Example of potential 
educational material. 
Source: Google Image 
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Appendix B1 
 
GWMPA focuses on both water quality and quantity, while recognizing that the 
management, protection, and conservation of groundwater and that reasonable and 
beneficial use are essential to the economic prosperity and future well-being of the state. 
Each district should identify the levels of groundwater which can be seen in the NRD 
Quantity Regulations Across Nebraska map (NDEQ, 2002, Nebraska Natural Resource 
District, 2014). 
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Appendix B2 
 
To establish some type of management options, the NRDs use a phase system 
activated by specific triggers that may affect the water in that district these phases can be 
seen in the NRD Groundwater Quality Regulations Across Nebraska map (NDEQ, 2002, 
Nebraska Natural Resource District, 2014). 
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Appendix C 
 
1. What is the estimated time-of-travel that your state's wellhead protection area 
boundaries are based on? What is the basis for using this timeframe? 
State 1-A timeframe is not specified. “Wellhead protection area” 
means “wellhead protection area” as defined in RSA 485-C:2, XVIII, 
namely "the surface and subsurface area surrounding a water well or 
wellfield, supplying a public water system, through which 
contaminants are reasonably likely to move toward and reach such 
water well or wellfield". The term includes the contributing area for 
production wells which supply community water systems. Boundaries 
are based on 1) Flow net technique;  Hydrogeologic mapping 
technique; and 3) Analytical or numerical models based on pump test 
data. 
 
State 2-Five year time-of-travel. We feel five years is a good time 
frame to implement best management practices. 
 
State 3- Zone I which is required to be owned or controlled by the 
water supplier, a 90-day time-of-travel is recommended as it is a 
common time element for sanitary protection and to allow time for a 
water supplier to take action to minimize potential impacts in the area 
immediately around the well. On a case-specific basis, Zone II 
delineations sometimes use a ToT criterion (typically 10 years). On 
the surface-water side, ToT criteria (5 hours and 25 hours) are used to 
segment large watersheds using a 3-year average of local maximum 
river velocities. 
 
State 4-For most ground water systems, 5-yr. TOT, with 1-yr TOT 
also delineated. Hydrogeologic boundaries also accepted, where 
applicable  
 
State 5- The 5 year TOT was considered protective for the states 
geology and hydrology characteristics. 
 
State 6- 0-3 TOT was to identify an area to strictly manage 
contaminants, the purpose of the 3-6 TOT was to identify an area that 
would allow adequate time to identify and respond to contamination, 
and the purpose for the 6-10 TOT was to encourage long term 
planning.  
 
State 7-Inner zone - 5 year TOT, minimum 500', survival time of 
pathogens. Outer zone- up to one mile, locate sources of chemical 
contamination. 
 
75 
 
 
 
State 8-2, 5, and 10 year capture zones, but can also be – Hydrologic 
Boundary 400-foot radius 2500-foot radius 1-mile radius Modified 
Karst Surface runoff area 
 
State 9- 180 days for Area I (minimum of 400 ft radius) and 10 years 
for Area II.  
State 10-5 year zone of contribution or minimum 1200 foot radius for 
required plans.  
 
State 11- 10 year TOT, or 5 year or 2 year depending upon the type 
of PWS system. 
 
State 12- 5 year travel time 
 
State 13-The 10 year time-of-travel 
 
State 14- 10-yr TOT (Zone D), 5-yr TOT (Zone C), 2-yr TOT (Zone 
B), and Several Months TOT (Zone A).  
 
State 15-200-day and 2500-day TOT zones,  
 
State 16-Zone 1 = 180 days Zone 2 = 10 year Zone 3 
 
State 17- 5 year time of travel at a minimum  
 
State 18- 2 yr and 5 yr time of travel.  
 
State 19- 10-year capture zone. For each type of delineation, we also 
calculate the 1, 2, and 5-year capture zones.  
 
State 20-Our state's environmental agency administers a wellhead 
protection program for wells in sand and gravel aquifers that serve 
more than 1000 people. For bedrock wells and those that serve less 
than 1,000 people we used a fixed radius calculation based upon the 
pumping rate of the well and no timeframe.  
 
State 21-Vairied TOT that is calculated based on aquifer flow 
characteristics,  
 
State 22-we don't use time of travel for the boundaries - just for 
distance to wastewater systems (pathogenic). 
 
State 23-1, 5 and 10 years.  
 
State 24-GW Zone 1=100 foot radius around WH Zone 2=2 yr TOT 
Zone 3=5 yr TOT SW Zone 1=100 foot radius around intake 
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State 25- 20-year time-of-travel for our delineations. Although we 
had originally prepared 10-year TOT's as well, we found most of 
these were too small in areal extent to be of use.  
 
State 26-15 year time of travel.  
 
State 27-250-day, 3-year, & 15-year.  
 
State 28-For unconfined aquifer wells we utilize a 5-year time-of-
travel WHPA.  
 
State 29- 10 year in west part of state and geologically defined for 
rest of state 
 State 30- The minimum required by rule is 10 years. Public water suppliers can elect to 
use a longer time-of-travel, at their discretion. 
2. What is the most common contaminant (e.g., Nitrate, VOCs) that affects PWSs 
in your state? 
State 1–Arsenic 
 
State 2-Disinfection By-products 
 
State 3-Nitrate 
 
State 4-For ground water, nitrate. For surface water, microcystins 
from harmful algal blooms. 
 
State 5-Due to the most wells being under confined conditions we 
have had very few contaminant migrations. These rare occurrences 
have involved un-confined aquifers and BTEX or TCE 
 
State 6-Nitrate 
 
State 7-Most common is coliform followed by E. coli.  
 
State 8-Nitrate 
 
State 9-We have had not had any problems with nitrates, we have had 
a few VOCs/SOCs show up but it is extremely rare. 
 
State 10-Bacteria and Nitrate 
 
State 11-PWS wells in rural areas it is often nitrate 
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State 12-Between November 2013 and July 2015 (most common 
MCL violations): Radionuclides 
 
State 13-Nitrate 
 
State 14-The most common contaminant sources are on-site septic 
systems and heating oil tanks. 
 
State 15-Coliform bacteria, arsenic and nitrates. 
 
State 16-Nitrate, followed by agricultural and lawn chemicals 
(pesticides). 
 
State 17-Nitrate, total coliform and arsenic. 
 
State 18- nitrates  
 
State 19-Nitrate 
 
State 20-Anthropogenic: VOCs Naturally occurring: Uranium and 
arsenic 
 
State 21-1. Nitrate is the mostly prevalent contaminant (from private 
onsite septic systems, with some from agriculture). 2. A more 
threatening contaminant, but significantly less common would be 
VOCs that come from USTs, LUSTs, or other releases along 
transportation routes. 
 
State 22-Naturally occurring is manganese, arsenic and 
radionuclides. Disinfection by products from water treatment are also 
significant. 
 
State 23-Nitrate 
 
State 24-Probably nitrates or coliforms,  
 State 25-VOCs (TCE, MTBE) are perhaps the most common. 
 
State 26-This is a difficult question to answer because there is no 
single common contaminant. Depending on location and surrounding 
land use it varies greatly 
 
State 27-nitrate, bacteria, arsenic 
 
State 28-Nitrate and MTBE have been our perennial favorites to 
detect, however we now have unregulated contaminants showing up 
on our doorsteps. 
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State 29-Nitrate 
 
State 30- Nitrate 
3. List the most effective agricultural best practices that your state encourages to 
reduce groundwater contamination from nutrients, and pesticides such as 
atrazine? 
State 1-Restrictions on winter manure spreading and structural 
storage (sheds covering manure with concrete bases) of manure. 
 
State 2-Filter strips, grassed waterways, terraces, and public outreach 
and education 
 
State 3-Setbacks and forested buffers. Also, pesticide applicators 
must be certified which helps ensure proper application rates and 
practices. 
 
State 4-Probably the most "effective" practice--though not 
encouraged by environmental agencies--is tiling agricultural fields, as 
this drains away contaminant-laden soil water into surface water 
outlets before it reaches ground water. The most popular BMP related 
to water quality is filter strips. Winter crops, tile stops, and 
conversion to wetlands are other BMPs frequently seen. I am not 
aware of any studies claiming that any particular BMP is the most 
"effective", though many folks are very excited about the prospects 
for winter crops. Recently required that applicators of agricultural 
chemicals be certified, and is requiring livestock producers in 
'distressed watersheds' to submit manure management plans. These 
efforts may prove highly effective, but are too recently implemented 
to warrant such claims. 
 
State 5-EPA BMP's are encouraged. 
 
State 6-Our state encourages BMPs, but does not encourage one over 
another. 
 
State 7-Nutrient management plans for CAFO's. Encourage low 
volume spraying in orchards, encourage veggie farmers to use 
fertilizer more efficiently 
 
State 8-CRP and Cover Crops 
 
State 9-not sure 
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State 10-Updated NRCS 590 technical standard for nutrient 
management plan; split application, cover crops, N-inhibitors; demo 
program for 3 PWS modeling leaching loss target and practice design 
to keep muni wells in compliance 
 
State 11-Mostly voluntary BMPs to not over apply the chemicals 
(note financial and environmental reasons), and follow label 
directions. Encourage PWSs in those areas to purchase a buffer zone 
around the PWS wells or get an easement for the area and restrict or 
prohibit applying chemicals near the PWS well. Have them put the 
land into grass, possibly CRP, etc. 
 
State 12-Educating the public on improper use of fertilizers and 
pesticides. 
 
State 13-Has developed a best management practices manual to 
describe the best preventative activities to reduce many different 
types of contaminants to the surface/groundwater. Nutrient/Pesticide 
reduction is encouraged by the development of riparian vegetation 
buffers. This manual also provides details on the integrated pesticide 
management providing for the most effective ways to reduce pests 
while having minimal impacts on the environment.  
 
State 14-We have minimal agricultural areas, which is why we have 
an SOC monitoring waiver process for 3-year cycles. We encourage 
baseline monitoring. 
 
State 15-Vegetative buffers, minimized use and timed application of 
fertilizers and other material. 
 
State 16-Riparian buffer zones and fencing to exclude livestock from 
streams, following manufacturer directions for pesticide applications, 
proper animal waste handling 
 
 State 17-No till, cover crops and two-stage ditches. 
 
State 18-We work with the Dept of Agriculture to implement these 
types of BMP's.  
 
State 19-Agriculture pesticide collection/disposal events, proper 
handling of livestock waste, proper storage and handling of 
pesticides, & abandonment or reconstruction of improperly 
constructed wells. 
 
State 20-Compliance with NRCS standard 590. Outreach and 
assistance from NRCS to identified agricultural operations. 
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State 21-This is being characterized and managed by the State's 
TMDL program. 
 
State 22-Agricultural activities are regulated by the Agency of 
Agriculture using their Best Management Practices. For PCWSs our 
requirement to own or control 200' around a water source prohibits 
agricultural activity, along with encouraging water systems to 
purchase land (if they don't own the 200' radius) and/or work with 
farmers to stop or limit manure spreading or pesticide, herbicide use 
near water supply sources. 
 
State 23-Defer to Extension Service. 
 
State 24-We have not encouraged any BMPs at this point 
 State 25-We have been encouraging primarily no-till and cover crops, 
in addition to responsible, proper and appropriate application of 
pesticides (encompasses several BMPs) 
 
State 26-Nutrient reduction strategies, proper application of 
chemicals 
 
State 27-don't know of any BP, but state is working towards 
establishing nutrient criteria 
 
Use no more nutrients than what is required for optimal plant growth, 
and for pesticides what is noted on the product label. 
 
State 28-Concrete flooring of chicken houses, manure sheds to keep 
fecal fertilizers out of the weather, no application on soils after first 
frost until after March 1st. 
 
State 29-we work with the Department of Ag to talk to farmers about 
the use of pesticides and nutrient management 
 
State 30- There is no single best approach. We find we need a variety of different tools to 
offer to the few specific landowners in wellhead areas. Probably, the single, most 
widespread approach is conservation easements, like CRP. 
4. How do you inform and encourage public support and involvement in WHP / 
SWP? 
State 1 -State annual conference, workshops with stakeholders and 
public education through DES program mailings (Chemical 
Monitoring), local source protection grants.-Our WHP/SWP outreach 
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focuses mainly on water systems and municipal officials, through a 
quarterly newsletter and an annual conference. We also issue periodic 
press releases. The public is targeted mainly through the distribution 
of letters and fliers, which must be distributed to all addresses in a 
WHPA/SWPA by PWSs that qualify for chemical monitoring 
waivers. 
 
State 2-Presentations to the public through associations that include 
public water systems as its members. 
 
State 3-Through outreach by the Department of Environmental 
Protection (DEP) and its source water partners like the Rural Water 
Association. Although wellhead/source water protection is voluntary, 
DEP does issue approval of local wellhead/source water protection 
programs that meet certain minimum elements which include 
provisions for public participation in the development process 
including a final public meeting. Additionally, many water systems 
have formed regional or watershed-based source water partnerships 
that include involvement by local stakeholders and the public. 
 
State 4- SWAP program staff assist systems without protection plans 
in developing their plans; to keep the effort going, we request that 
community PWSs complete a Web-based 'SWAP Survey' every 3 
years; district staff then meet with two systems per month to discuss 
their survey results. Based on the survey and verification, we have 
begun awarding Certificates of Recognition to systems who are 
pursuing an exceptional local source water protection program. 
 
State 5-The Source Water Assessment results must be included in the 
EPA required Consumer Confidence Reports (CCR) mailed to the 
PWS customers or published by July 1 of every year. 
 
State 6-Our program informs and encourages protection through 
incentives (through grant and loan programs, higher ranking), 
building relationships with systems, providing training (offering 
CEUs), offering one on one assistance in developing plans, giving a 
recognition plaque (signed by the Governor) to systems who develop 
a certified protection plan, partnerships with IRWA (contracts with 
IRWA) and others (Idaho Association of Cities, etc.) who help 
education and encourage their members/customers. 
 
State 7-Encourage PWS to involve their communities. Helped to 
develop Community Environmental Management  
 
State 8-Partnerships with conservation agencies and with Ag retailers 
as well as providing case studies for education and outreach efforts. 
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State 9-PWSs are required to conduct a public awareness meeting 
after completing their Source Water Assessment. They rarely have 
anyone participate. 
 
State 10-(1) Wisconsin Rural Water Association technical assistance; 
(2) strategic interventions to develop local successes; (3) web page; 
(3) update questionnaire 
 
State 11- Have supporting information on the WEB site, occasionally 
do site visits to PWS operators to discuss protection efforts, some 
presentations to organizations, assistance with ordinance 
development, water festivals.  WHP is voluntary, so there are no 
regulatory requirements for protection efforts. 
 
State 12-Educate the public and operators as to what contaminants 
can threaten their water; websites; community partnerships (if 
funding available) 
 
State 13-Public support for the protection of drinking water sources 
are developed in each community’s source water protection plan. This 
details activities on informing and educating community members on 
the ways to protect their drinking water sources. Previously did 
considerably more outreach to both the utilities and public. Staff 
limitation have forced to rely primarily on outside contractors 
(Institute of Water Research, Rural Water Association) for these 
efforts. 
 
State 14 -a. Web maps: We have a public and internal ArcGIS Online 
web mapping application that displays protection areas, agency 
permit locations, and other agency permit locations We occasionally 
participate and present at additional conferences and trainings: 
Groundwater Protection Council (GWPC), EPA Western States 
Forum, and others as needed. c. Travel: We travel to communities to 
field-verify Source Water Assessment reports, and in the process 
attend tribal/village council meetings, hold workshops and present at 
local schools. d. Permits: We regularly request that permits (both 
internal and external) stipulate identifying and notifying public water 
systems of proposed activities. e. Outreach: We maintain a List 
Server service in which we commonly make announcements about 
funding opportunities and various events, such as national recognition 
days/weeks associated with drinking water protection  
 
State 15-Through source protection seminars and publications. 
 
State 16-Public meetings coordinated by PWSs, produce educational 
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materials and public outreach, provide funding assistance through 
Division of Water's Source Water Protection Assistance Program, 
signs marking wellhead protection zones along major transportation 
corridors 
 
State 17-Education/outreach at conferences and community groups at 
the state level... Encourage strong local planning teams at the 
Community Water System level for local involvement. 
 
State 18-We have a large contract with CRWA and they help us 
spread the message through conferences, public water system 
contacts, and general outreach 
 
State 19-We provide information such as maps, reports, and public 
presentations to water system personnel, local watershed councils, 
soil and water conservation districts, and other local interest groups. 
We also provide source water protection grants of up to $30,000 to 
public water systems.  
 
State 20-For surface supplies, use a collaboration for outreach and 
individual utilities physically inspect watersheds and provide 
outreach materials. DEEP can address WHP in more detail. They use 
a regulatory approach that is administered by a local land use agency. 
 
State 21-It is extremely difficult to get the public to be involved with 
SWP. The exception to this is when there is a hot topic or perceived 
threat that rallies the attention of the public. A similar public attention 
developer is if the public and other stakeholders see source water 
protection as a tool to block subdivision developments. 
 
State 22-public outreach by our program at local events, conference 
presentations and working with Rural Water Association among 
others. Water systems are required to update their Source Protection 
Plans every three years including sending notice letters to landowners 
in their Source Protection Areas. 
 
State 23-Require Consumer Confidence Reports by all public water 
systems, not just federally defined systems. 
 
State 24-Our Rural Water System Assoc. does most of the 
"recruitment" 
 State 25-We have a newsletter that we publish bi-annually (except in 
2015 - only one issue) and distribute to PWS's, at industry 
conferences and workshops, or other venues. We also administer an 
increasingly popular grant program to foster participation with our 
formal SWP program, which is voluntary. We also coordinate 
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actively with other water quality programs and agencies throughout 
the state to market the program. 
 
State 26-Public meetings, work with counterpoint at Rural Water to 
focus on a number of systems each year 
 
State 27-web presence, but program is dictated to systems, and they 
take lead. Mostly through the water systems themselves, through 
educational materials. 
 
State 28-Our Source Water Citizen and Technical Advisory 
Committee is still in existence and meets twice a year. We encourage 
action through text inserted in the consumer confidence reports 
mailed out to water customers of community systems. We try to 
engage our counties and municipalities through our State Law for 
Source Water Protection opportunity we get. We are considering 
using social media sites to further public participation, but that is in 
the exploration phase. 
 
State 29-public meetings and watershed meetings 
 
State 30- Local engagement. See the Freshwater Society's "Farm to Stream" report. 
Currently, we are engaged in a needs assessment to gather information from local water 
resource professionals (SWCDs, County staff, etc) to find out what gaps and barriers 
exist in their ability to implement groundwater and drinking water protection strategies, 
including wellhead protection. We are targeting this audience rather than PWS staff 
because they are accustomed to working on land use and water resource management 
issues, unlike most PWS staff, who instead excel at turning valves, flushing hydrants, and 
otherwise working in the engineered environment of the PWS. 
 
5. Do you see an increase/decrease in community efforts for creating WHP / SWP 
plans in the last five years? If so, what do you think contributes to the 
increase/decrease? 
State 1 -About the same level. 
 
State 2-We currently have a contractor performing most of the source water protection 
projects for a set number of systems, so the amount is about the same 
 
State 3-Overall, an increase primarily due to the desire to avoid instances like the Elk 
River chemical spill in West Virginia and other similar incidents. Also, a new initiative 
was launched in 2014 that focuses on source water efforts for very small systems 
(mobile home parks, nursing homes, apartment buildings, residential facilities, small 
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communities, etc.) that has generated interest among systems that are traditionally the 
least equipped to develop a comprehensive source water protection plan. 
 
State 4-Interest in SWAP protection plans has increased due to concerns about shale gas 
drilling and extraction, which has expanded rapidly in that region over the last 5-10 
years. SWAP planning has also increased among surface water systems because of the 
growing concern with harmful algal blooms.  
 
State 5-Public interest is unfortunately generated by high profile national contamination 
events. 
 
State 6-Not seeing much increase or decrease in efforts 
 
State 7-Local issues drive interest. Not much change. 
 
State 8-The 15 SWP pilot projects that have been completed have aided to increase 
awareness and local ownership of SWP projects in the state. 
 
State 9-We have seen no change in the last 5 years of any interest in SWP or 
renewing/developing WHP. 
 
State 10-No change 
 
State 11-Probably about the same. It depends upon the area of the state, the vulnerability 
of the water source, past problems, time and resources available to the local community, 
etc. Again, in WHP is voluntary and there is no requirement for a community to develop 
a WHP/SWP plan, or tell us if they have done so. We work closely with the Association 
of Rural Water Systems, and they have an individual contracted to spend part of his time 
developing WHP/SWP plans with willing systems. 
 
State 12-Decrease due to lack of funds. 
 
State 13-There has definitely been an increase in community efforts to create and update 
plans in recent years. While source water protection plans are voluntary, source water 
protection program requires each plan to be updated every six years to have an approved 
program plan. 
 
State 14- a. We have not seen a marked change. b. We have developed criteria for an 
Endorsed Drinking Water Protection Plan (EDWPP), and are continually exploring 
incentives. Current incentives include having an EDWPP could along with other criteria 
could help a Community water system qualify for outstanding performance (only 1 
CWS currently qualifies). We have included having an EDWPP in the proposed 
definition for a protected water source for Non-Community water systems as part of the 
RTCR. We are working with the DEC Municipal Grants and Loans Program to include 
an EDWPP as an element to the grant scoring process. c. We work with the Rural Water 
Association’s (RWA) source water protection specialist to ensure that the source water 
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protection plans that they help communities develop qualify as an EDWPP. 
 
State 15-No observable trend. 
 
State 16-Yes, based on recent public awareness of source water protection issues related 
to spills/releases of hazardous materials in the national news. 
 
States 17-Seems to be spikes... After the Jan. 2014 West Virginia spill and Aug. 2014 
Toledo HAB event there was heightened awareness, but prior to the 2014 events 
definitely a decrease....Now it seem to be waning again. Weak economy seems to 
contribute to the decrease in community efforts. 
 
States 18-A very significant increase in interest. There are a lot of variables and issues 
driving the interest, but it's primarily now a following of people doing the right thing for 
their communities. Great to see. 
 
State 19-There has been a decrease in community efforts for creating "state certified" 
plans in the last 5 years. This is largely because we recognize that a comprehensive plan 
that addresses all potential contaminant sources within the source area is overly 
cumbersome, especially on smaller water systems that have few resources. Instead, we 
work with water systems to identify and implement substantial strategies that reduce the 
risks associated with the highest risk contaminant sources within the drinking water 
source area. 
 
State 20-Increase. Highly publicized events (WV and Toledo). 
 
State 21-No decrease or increase noted. 
 
State 22-We haven't measure that but we have had a Source Protection Area/Plan 
program in place since the mid to late 1980s. We have an established and ongoing 
relationship and permitting program that works with the Agency of Agriculture and our 
Regional Office water and wastewater program along with other stakeholders. 
 
State 23-Decrease due to apathy. 
 
State 24-Increase, we have had several close calls with contaminants that have made 
good case studies about why protection plans are needed, emergency response/climate 
change/drought 
 State 25-We have seen a steady, albeit slow increase in participation over the last five 
years. The grants have helped foster this increase - we have also actively engaged larger 
water systems (based on population served) to participate in order to reach a larger 
percentage of the population in the state. 
 
State 26-There has been an increase in WHP/SWP interest. The increase in oil activity 
in the state 
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State 27-no increase or decrease; required, no changes expected 
No real change. WHP and SWP plans have been required for all public drinking water 
sources from the beginning of the program, 1993 for WHP and 1995 for SWP 
 
State 28- We have seen an increase since 2007, the date by which, under State Law, 
communities over 2,000 persons are required to enact source water protection 
ordinances.  
 
State 29-decrease not for sure why 
 
State 30- Increase. We've been lucky that state funds have been targeted towards this 
goal 
 
6. Have you written or published any WHP / SWP success stories about reducing 
nitrate or other contaminants in groundwater? Please provide web links or 
documents, if possible. 
State 1 –No 
 
State 2-No 
 
State 3- Precision Agricultural Management Program undertaken by 
Township Municipal Authority as part of the joint wellhead 
protection program. With farming occurring in their WHPAs which 
are underlain by carbonate rocks, the systems work in partnership 
with local farmers to fund the development of a precision agricultural 
nutrient management plan which allows a farmer in a wellhead 
protection area to maintain crop yield while using less fertilizer and 
employing agricultural best management practices. The partnership 
has yielded a win-win situation. The farmers are able to reduce the 
cost of fertilizer while maintaining crop yields and the municipalities 
are able to reduce nitrate treatment costs because the nitrate 
concentrations in the raw water have been steadily declining.  
 
State 4-Nothing recent. A 1995 ground water monitoring project 
provided proof of decreasing nitrate levels after an agricultural field 
up gradient of the wellfield was converted to fallow land.  
 
State 5-none 
 
State 6-No (However, we are planning to do this in the future) 
 
State 7-No 
 
State 8-yes.  
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State 9-no 
 
State 10-yes 
 
State 11-We have, but it was done quite a number of years ago (mid-
1990s).  
 
State 12- none available  
 
State 13-No 
 
State 14-no 
 
State 15-Yes  
 
State 16-No we have not. 
 
State 17-NA 
 
State 18-No published documents to date. 
 
State 19-No, we have focused more on reporting on state/regional 
projects that evaluate risks to drinking water.  
 
State 20-no 
 
State 21-no 
 
State 22-no 
 
State 23-no 
 
State 24-no 
 State 25- No - but we hope to be able to do so within a year or two. 
 
State26-no 
 
State 27-yes 
 
State 28-none 
 
State 29-yes  
 
State 30-yes 
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7. Do you have any cost benefit analysis on developing and implementing WHP / 
SWP plans compared to the cost of remediating groundwater contamination? 
Please provide web links or documents, if possible. 
State 1 –No-use EPA study 
 
State 2-No 
 
State 3-use EPA study 
 
State 4-Nothing recent. In the 1990s we completed a fact sheet on 
costs and benefits of WHP protection, but it is out of date and not 
available electronically. 
 
State 5-none 
 
State 6- we have not put together anything formal. This is something 
we are interested in doing in the future and would be interested to see 
what other states have done. 
 
State 7-We would really like to have this, but we don't. 
 
State 8-Yes 
 
State 9-no 
 
State 10-Developing scope of work for c/b analysis for nitrate demo 
now.  
 
State 11-No, we have not done that analyses in any detail, but just 
note the cost of drilling new wells if necessary, etc. 
 
State 12-no 
 
State 13- yes 
 
State 14-no 
 
State 15-The Costs of No Wellhead Protection (Emery and Garret 
Groundwater, Inc., 1993). 
 
State 16-We do not have state-level case studies for cost benefit 
analysis, but have referred to EPA guidance documents 
 
State 17-Have not done a cost benefit analysis. Intuitively, 
implementing an rigorous WHP/SWP would have an economic 
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benefit vs. remediation, but would like to see examples of how such 
an analysis would be developed. 
 
State 18-We have not conducted actual cost benefit analysis to date. 
However, systems certainly understand it's cheaper than upgrading to 
RO treatment systems 
 
State 19-Not recently, the example we have used in presentations 
dates back to the early 1990's. It is likely that the costs/benefits from 
that time do not accurately reflect current costs and benefits. 
 
State 20-No, While not specifically related to remediation, a good 
book of case studies is: Natural and Engineered Solutions for 
Drinking Water Supplies: Lessons from the Northeastern United State 
and Directions for Global Watershed Management Edited by Emily 
Alcott, Mark S. Ashton and Bradford S. Gentry. I believe it's only 
available in a hard cover book. 
 
State 21-no 
 
State 22-no but it is significantly more cost effective to prevent 
contamination vs. treating or remediating it. 
 
State 23-no 
 
State 24-no, although I would definitely be interested to know if you 
find any! 
 State 25-Not per se. We have had water systems that had to abandon 
wells and drill new ones to avoid contamination plumes 
 
State 26-no 
 
State 27-no 
 
State 28-yes  
State 29-no 
 
State 30- yes 
 
